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PREFACE 
Exposure of man and other animals to different xenobiotics/ 
which, in no way, serve as nutrients or as other essential fac-
tors, can profoundly alter the equilibrium of living entities 
with its environment, through their toxicological properties-
Such xenobiotics cannot be allowed, therefore^ to concentrate 
beyond tolerating limits. The question, "Xs fluorine an essential 
element?" has naturally been raised. It has not been possible to 
find a definite answer owing to the difficulty of producing a diet 
for animal experimentation that is fluorine-free but adequate in 
every other respect. 
Since the late 1940s, the use of fluorides as anticariogen -
especially, the adjustment of the fluoride content of drinking 
water - has been a subject of considerable controversy. Pxjblic 
health authorities that have contemplated adopting measures of 
this kind have encountered strong opposition and have often had to 
undertake extensive reviews of the literature in order to reach a 
decision. Extensive research has been carried out in order to 
establish the anti-cariogenic property of fluoride. But how it 
effects the other parts of the gastrointestinal tract, very little 
attention has been, so far, given, specifically on the mechanism 
of digestion, absorption and secretion of ions across mucosal 
epithelial cells. 
(ii) 
Following oral administration of fluoride to animals, 
absorption from the gut involves its translocation to blood stream 
and then to various tissues. There are sufficient data on mecha-
nism of fluoride absorption or transport across gastrointestinal 
tract to show how much fluoride is absorbed, how much is stored 
in the tissue. But, so far, its effect on the uptake of various 
nutrients and other essential factors, through its involvement in 
the process of digestion and absorption is concerned, very little 
data is available. Moreover, the binding and transport of fluori-
des across intestinal epithelium may effect the mobilization of 
physiological ions, and other solutes and the membrane permeabi-
lity of the epithelial cells and thereby altering the activities 
of related enzymes, is still to be fully understood. 
An attempt has been made by the author to investigate, in 
addition to the biochemical response of gastrointestinal tract to 
fluoride, the effect of fluoride on the uptake of sugars and 
amino acids, in detail, under _in situ conditions in anaestheti-
sed rats and under J^ vitro conditions by the isolated epithelial 
cells of rat intestine. The absorption of nutrients carried out 
by the mucosal epithelial cells of small intestine has long been 
recognised and appreciated by biochemists and physiologists alike. 
Thus, the isolated cell suspensions provided the most suitable 
system to study the effect of fluoride on the uptake of nutrients, 
because of ease of manipulation and reproducible sampling offered 
significant advantages over those systems using intact tissue 
preparations. Furthermore, noval biological variations between 
(iii) 
control and treated rats which would make comparison of their 
transport activity difficult, were overcome in this system. 
The present investigation has thrown sufficient light on, 
how fluoride levels, which otherwise, seem to induce no effect 
on the absorption of nutrients in the intact intestine, can pro-
duce harmful effects by depriving the tissue cells from necessary 
levels of nutrients and metabolites. 
October 1983 RASS HASOOD SHAYIQ 
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INTRODUCTION 
Paracelsus (1493-1541) observed that "All things are 
poisons, for there is nothing without poisonous qualities. It 
is only the dose which makes a thing a poison". In modern 
times, mass poisoning, through contamination of food, water or 
air, is common. There are three main reasons, why the problem 
has become so much more serious than in the past. First, very 
toxic chemicals are being introduced in large numbers which were 
never before present in the biosphere. Second, the growth of 
industrial civilization has reached the point where,for the 
fipst time, its products can significantly contaminate the bio-
sphere. Third, system of mass distribution now ensure that 
any incident of toxicity will probably involve large numbers of 
people spread over a wide area. In India, due to population 
growth, people are forced to live in places which are not suita-
ble for human habitation. One such example is people living in 
areas where the drinking water is contaminated with fluoride. 
The question/'£s -fluorine an essential element? has been 
often raised. It has not been possible to find a definite 
answer owing to the difficulty of producing a diet for animal 
experimentation that is fluorine free but adequate in every 
other respect- The mineral elements constitute a relatively 
small amount of the total body tissues though they are essen-
tial to many vital processes. The animal body requires seven 
principle universal elements: 
i) calcium, 
ii) magnesium, 
iii) sodium, 
iv) potassium, 
v) phosphorous, 
vi) sulphur, 
and vii) chlorine. 
These minerals constitute 60-80% of all the inorganic minerals 
in the body. At least seven other minerals are utilized in 
trace quantities: 
i) iron, 
ii) copper, 
iii) iodine, 
iv) magnese, 
v) cobalt, 
vi) zinc, 
and vii) molybdenum. 
Several other elements are present in the tissues, but their 
function, if any, are not clearly defined. These include fluo-
rine, aluminium, boron, selenium, cadmium and chromium. Such 
mineral elements which are indispensable for normal body func-
tion at very low doses may be toxic at relatively high levels. 
There are indications that traces of fluorine are very much 
necessary for the normal mineralization and possibly also for 
normal reproduction. Though beneficial in small amounts, exce-
ssive ingestion of fluoride leads to severe disorders. 
Any rational analysis of the 'risk' or 'hazard' associa-
ted with fluorine in the known environment indisputedly lies 
within the purview of the newly emerging science of safety eva-
lutation. The relative safety of fluorine may be judged by the 
thoroughness and satisfactory outcome of approved experimental 
investigation. Fluoride in excess amounts may produce delete-
rious effects in the living body, but in the absence of well 
documented toxicological data, it is all the more essential to 
know the biochemical, pharmacological and toxicological proper-
ties of the fluorides. 
CHEMISTRY OF FLUORINE 
•" 'f 
Fluorine, is the most electronegative of all elements 
found in nature and is so highly reactive chemically that it is 
rarely or never encountered in nature as elemental fluorine. 
Apart from the comparatively small amounts of manufactured 
gaseous fluorine, the element is largely found in nature, in 
chemically combined form called fluorides. Among the manufac-
tured fluorides the inorganic materials constitute the larger 
volume, but organic fluorochemicals are increasing in volume 
and importance. 
Combined chemically in the form of fluorides, fluorine is 
seventeenth in the order of abundance of elements in the earth's 
crust. This estimate reported by Fleischer (1953) has not been 
changed by the results of more recent analysis of the elements 
in the earth's crust. Since its abundance is of this magnitude, 
it is not surprising that sizeable amounts of fluoride are found 
in sea water, in numerous supplies of drinking water, in mine-
ral deposits of fluoraspar, cryolite and fluorapatite and in 
surface dusts found close to a few of the mineral deposits. 
EXPOSURE TO FLUORIDE 
(a) Unintentional 
The principal unintentional sources of supply of fluoride 
available to the physiology of man and other animals are: 
i) water, 
ii) some species of vegetation, 
iii) certain edible marine animals, 
iv) dust in certain parts of the world, 
and v) certain industrial processes. 
INGESTION FROM WATER 
Water for man and other animals is an essential nutrient. 
Of the waters available to man for personal needs, it may be 
regarded as certain that one is pure in the strict sense of the 
word» Fluoride will be found in most, if not in all, portable 
waters. It is consequently almost universally available for the 
ingestion by man from this source. 
Origins of fluoride in drinking water can be seas, atmos-
phere and earth's crust, which include rock forming mineral^ 
rocks, commercial ores and soils. The bulk of water available 
to man and other animals is from seas. Sea water itself contains 
significant quantities of fluoride, levels having been variously 
recorded as 0.8 to 1.4 ppm (Kappana _et 3L1., 1962). It is known 
that appreciable c[uantities of other halogens escape from the sea 
into the atmosphere and are eventually incorporated into rain or 
precipitation (Miller, 1961). Additional fluorides are widely 
distributed in the atmosphere originating from the dusts of 
fluoride containing soils (Williamson, 1953), from the gaseous 
industrial wastes (Maclntire ^  ^.z 1952), from the burning of 
coal fires in populated aieas (Cholak, 19 59) and from gases emi-
tted in areas of volcanic activity (Noguchi ^  ^.y 1963). All 
these sources may act to increase the fluoride level of rain or 
precipitation. Some details about the distribution of fluoride-
bearing waters in different countries from six different conti-
nents are given in Table l.i. 
Dean (1951) found that climatic conditions may effect 
fluoride intake from water. He reported that 0.5 to 0.7 ppm 
fluoride in the water of two towns in the Southern State of 
Georgia - mean maximum temp. 68°F (2 0''C) - produced the same 
prevalence of dental fluorosis that would be produced in the 
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T a b l e 1.1 
F l u o r i d e l e v e l i n n a t u r a l w a t e r s i n d i f f e r e n t c o u n t r i e s 
S I . 
No. 
C o n t i n e n t 
1 . AFRICA 
2 . THE AMERICAS 
3 . ASIA 
4 , AUSTRALIA 
5 . EUROPE 
Coun t ry 
South A f r i c a 
N i g e r i a 
Kenya 
E t h o p i a 
A r g a n t i n a 
C h i l e 
Canada 
Pe ru 
U .S .A . 
Ch ina 
I n d i a 
J a p a n 
Korea 
I s r e a l 
A u s t r a l i a 
New Z e a l a n d 
A u s t r i a 
Belg ium 
Denmark 
E n g l a n d 
F r a n c e 
Germany 
I t a l y 
S p a i n 
Sweden 
USSR 
Range of P 
l e v e l (ppm) 
0 - 5 3 . 0 
0 - 6 . 2 
0 - 2 8 0 0 . 0 
0 - 0 . 9 
0 - 1 . 6 
0 - 1 , 2 
0 - 1 . 2 
0 - 1 , 4 
0 - 1 6 . 0 
0 - 1 3 . 0 
0 - 6 . 4 
0 - 2 0 . 0 
0 . 8 - 1 0 . 0 
0 . 3 - 1 . 5 
0 - 1 3 . 5 
0 - 0 . 9 
0 , 4 - 0 . 8 
0 - 1 . 7 
0 - 3 . 3 
0 - 5 . 8 
0 - 7 . 0 
0 - 4 . 9 
0 - 7 . 1 
0 - 6 . 3 
0-10 
0 . 7 0 
Fluoride and Human Health. 
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mid-Western State - mean maximum temperature 49°P (9.5°C) - by 
approximately 1 ppm fluoride. 
INGESTION FROh FOODS 
Almost every known food and water supply contains trace 
of fluorides. The amount of fluoride in foods is of utmost sig-
nificance, since the combined ingestion of fluoride-containing 
water, fluoridated dentifrices, and -high fluoride foods may be 
either a useful or a harmful nutritional practice. 
Comprehensive investigations of the fluoride content of 
sped- fie items of food in various countries have been made 
(Reid, 1936; Gobovich, 1951; Nommik, 1953), while McClure (1949), 
Truhant (1955) have assembled published data relative to the 
fluoride content of a large number of foods. Table 1.2 taken 
from the work of McClure irdicates the fluoride content of a 
number of different important foodstuffs. 
The combined . intake of fluorides from food and fluorida-
ted water has been studied by McClure. Table 1.3 represents the 
children's daily intake of fluorine from both food and fluori-
dated drinking water according to the age. 
INHALATION FROM DUST AND VAPOURS 
Inorganic fluorides enter man's environment only in a minor 
way as elemental fluorine, but considerable amounts may enter 
as -
i) dust, 
ii) gaseous compounds or vapours. 
Table Z»2 
Fluorine content of various foodstuffs 
8 
Foods 
ANIMAL TISSUES: 
Cows liver/ dry wt. 
Chic^^en liver/ fresh wt. 
Cows kidney, dry wt. 
Cow's heart muscle/ dry wt. 
MEATS 
Chicken 
Beef 
Mutton 
FISH 
Mackeral (dried) 
Salmon ( -do-) 
Sardines (canned) 
EGGS 
Whole 
White 
Yolk 
WHOLE MILK 
TEA 
FRUITS 
Lemon 
Orange 
Apple 
Banana 
CEREALS AND CEREAL PRODUCTS 
Corn (unspecified) 
Wheat (Whole) 
Flour (wheat) 
Rice (unspecified) 
VEGETABLES AND TUBERS 
Beans (green) 
Carrots (unspecified) 
Potatoes (unspecified) 
Tomatoes (unspecified) 
Fresh wt^ 
0. 
0. 
0. 
0, 
0. 
0. 
0. 
0. 
6. 
0, 
.174 
.07-0. 
.22-1, 
.23 
.62 
.35 
.67 
.15 
.4 
,4 
,24 
Fluorine content 
(ppm) 
5.20-5.80 
0.7-1,29 
6.9-10.1 
2.3-2.7 
1.4 
2.00 
0.20 
84^47 
19.30 
7.3 
1.2 
1.5 
0.6 
0.07-0.22 
3.2-178,8 
Dry weight 
.17 
.32 0.13-0.43 
0.65 
0.70 
0.53 
0,76 
1.01 
6.92 
22.0 
2.40 
After McClure (1949). 
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Table 1<.3 
Summary of estimated daily intake of fluorine from food 
and drinking water 
Age Body wt- From drink- Prom food Total Total 
(years) (kg) ing water (0.1-1.0 ppm) (mg) (mg/kg of 
(1 ppm)(mg) (mg) body wt, 
1-3 8-16 0.390-0.560 0.027-0.265 0.417-0.825 0,026-0.103 
4-6 13-24 0.520-0.745 0.036-0.360 0.556-1.105 0.023-0.085 
7-9 16-35 0.650-0.930 0.045-0.450 0.695-1.380 0.020-0.068 
10-12 25-54 0.810-1.165 0.056-0.560 0.866-1.725 0.016-0.069 
After McClure (1949). 
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iii) particulates suspended in gaseous fluorides, 
and iv) perhaps particulates dispersed in water. 
Since elemental fluorine is rarely, if ever found, in 
nature, all of it comes from manufacturing processes, either in 
industry or in experimental laboratories. Most, if not all, is 
produced by the electrolytic decomposition of hydrogen fluoride 
in fluorine cells. 
Fluorides dispersed in air have been potential health 
problem in areas where mineral deposits were located at or near 
the surface of the ground. The use of fluoride in some indus-
trial processes may also generate fluoride containing dusts. 
b) Intentional 
The preceding discussion has focussed on the unintentio-
nal exposure of man and o^her inmates to fluoride. However, in 
recent years, mostly in developed countries, the man is inten-
tionally exposed to fluoride, either by adding it to drinking 
water supply or by using different fluoride containing drugs. 
These drugs can be divided into two arbitrary groups - those 
used as anticariogens and those used for other purposes. With 
regard to fluoride metabolism, the first group is of greater 
importance, since the agents are designed specifically for the 
metabolic utilization of the fluoride ion, whereas in the second 
group, fluoride is commonly employed in biologically inert 
form. 
11 
REVIEW OF LITERATURE 
METABOLISM OF FLUORIDE 
(a) Absorption 
The processes of gastrointestinal absorption of fluoride 
appears to be governed by an interplay of anatomical, physiolo-
gical and biochemical factors. Fluoride absorption in the 
reminants was observed to be confined mostly to the rumen 
(Perkinson ^  _a_lw 1955). The greater gastrointestinal absorp-
tion of fluoride in the rabbit than in the rat was attributed 
to the longer gastrointestinal tractof the rabbit (Largent, 
1948). Fluoride transport was not fcund to vary with the ana-
tomical site of the small intestine (Venketeswarlu, 1962). 
Wagner (1962) observed that 80% of the administered fluoride 
was absorbed through the rat gastric mucosa, in 15-2 0 minutes 
in ligated pyloric sphincter. 
Fluoride absorption is passive in nature and no active 
transport mechanism is involved in ' the process. The rapidity 
of fluoride absorption has been shown in studies using the 
18 
radioactive isotope F, as early as 1964 (Volker ^  ail., 1964) 
Stookey et a].. (1964) established: 
i) that there was a direct relationship between the rate 
of fluoride diffusion and diffusion area of the 
intestinal wall, 
ii) that enzyme poisons, e.g. sodium cyanide, sodium 
iodoacetate or 2,4-dinitrophenol, did not alter the 
12 
rate of fluoride diffusion from inside to the outside 
of intestinal segments, 
and iii) that temperature variation from 20«'C to 37"'C did not 
influence the rate of fluoride diffusion from the 
intestine. 
These observations indicate that fluoride ions are absorbed by 
normal diffusion through the gastrointestinal wall. 
The active transport of fluoride from the serosal to the 
mucosal side of everted intestinal sacs of rat has been repor-
ted (Parkin, 1966). 
Naturally occurring fluoride present in normal human 
diets are absorbed to an extent of about 80%. Less soluble 
fluoride compounds, e.g. CaF^* cryolite, rock phosphate and 
bone meal, are absorbed at a rate of approximately 60%. 
(b) Transport across membrane 
Fluoride addition to public water supplies has prompted 
studies on the mechanism of fluoride transport and accumulation 
in biological systems. Based on the pH dependence of fluoride 
transport, Armstrong _et _al. (1980) have suggested that fluoride 
crosses cell membrane mainly in the non-ionic form, i.e. HF. 
However, there was no direct evidence for this idea, till 
Gutknecht (1981) proved this hypothesis that fluoride transport 
through biological membranes occur mainly by non-ionic diffusion 
of HF. 
(c) Distribution in soft and hard tissues 
The intestinal increase in the dietary fluoride makes it 
13 
necessary to know about its effectiveness as a weapon against 
dental decay, but also a possible hazard of increased fluoride 
ingestion and absorption. A thorough knowledge of the manner 
of uptake, concentration and distribution of fluoride in the 
body tissue is, therefore, essential. 
The presence of fluoride in "notable proportions" in the 
blood of hiiinans and other mammals and numerous birds was repor-
ted by Nickles (1856). Tammann (1888) found fluoride in the 
white and yolk of hen's eggs/ in the brain of a 30 day old calf 
and in milk and blood of cow. 
Blood plasma is the most convenient and reliable indica-
tor of the concentration of fluoride in body fluorides. Results 
have been presented which show that the mean plasma fluoride of 
normal humans is in the range of 0.14-0.19 ppm and that the 
mean equilibrium plasma fluoride content is not elevated above 
this range in persons using water containing upto 2,5 ppm fluo-
ride. The fluoride content of soft tissues, with the exception 
of tendon appears to be of the same order of magnitude as that 
of plasma. Fluoride intake which produce acute intoxication 
will, however, result in clearly demonstrable elevation in the 
fluoride content of the most soft tissues. 
Fluoride has a marked'.affinity for hard tissue and has 
been detected in every specimen of bone or tooth analysed. The 
extent of F" uptake in different parts of the skeleton and 
dentitions depend upon the amounts ingested and absorbed by the 
organism, the duration of fluoride exposure and the type, region 
14 
and -metabolic activity of the tissue concerned. There is, 
thus, a great disparity in fluoride levels both between diffe-
rent individuals and between different types of mineralized 
structures. In general, a good proportion, i.e. upto 505^  of 
the fluoride absorbed is incorporated (Largent, 1961), the 
remainder being rapidly excreted. The fluoride content of calci-
fied tissues usually stand in the following descending order: 
i) cementum, 
ii) bone, 
iii) dentine, 
and iv) enamel. 
(d) Excretion 
Fluoride is excreted in the urine, deposited in the s^ Kin 
which is shed, lost through the sweat, and excreted in the fea-
ces. Fluoride occurs in traces in milk, in saliva, in hair, 
and, presumably, in tears. Fluoride is probably not exhaled in 
the breath, although definite data ax-e lacking. 
The principal route of excretion is via the urine. With 
astonishing rapidity, quantities of fluoride appear, generally 
reflecting the dietary intake but governed by other factors, 
several of which are known, such as -
a) the total intake, 
b) the form in which the fluoride is taken into the body, 
c) whether the individual is relatively unexposed or 
regularly e^qsosed to fluoride. 
15 
and d) the health status of the individual, especially with 
regard to advanced kidney disease. 
The normal individual consuming water that contains little 
or no fluoride usually excrete urine with a fluoride concentra-
tion ranging from 0.2 to 0.5 ppm (Gaedalia, 1958). In a commu-
nity with water fluoridated at 1 ppm, the normal urinary con-
centration often range from 0,5 to 1,5 ppm. 
THE ROLE OF PLUORlDE 
(a) Beneficial role 
The ability of fluoride in very low doses to reduce the 
number of caries lesions by well over 50%, and to reduce the 
severity of the collective caries attack even more markedly, 
is naturally a finding which should be eleborated and utilized 
as extensively as possible in a situation where dental caries 
is by and far the most widespread of all diseases and is, more-
over, a disease that shows an increasing rate. 
Several other effects on the dental organ have been more 
or less established, influence on tooth form and appearance, 
on eruption time and alignment in the dental arches, and on the 
frequency and severity of periodentals. All these effects have 
been found to be advantageous except the mineralization dis-
order known as mottled enamel, which is caused by excessive 
fluoride ingestion during the period of tooth formation. 
Fluorine is the most exclusive bone seeking element 
existing, owing to its great affinity for calcium phosphate. 
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It iS/ therefore, accumulated in every tissue showing calcifi-
cation, be it physiological or pathological. Taves and Neuman 
(1964) also reported that fluoride at the levels found in human 
serum enhanced calcification in solution with concentrations of 
calcium and phosphate ions lower than normally required. In 
additiony it has been suggested that fluoride may be necessary 
for the conversion of early metastable calcium phosphate to 
fluoroapatite the most stable of all apatites (Brown, 1966 and 
Newes-iBly, 1965). The observations have led to the interesting 
and provocative hypothesis expressed by Newsely (1961), that 
the 'formation of bone whose mineral component has an apati-
tic -.stjJucture or structures would not be possible under bio-
logical conditions without the presence of small quantities of 
fluoride. However, ^neither the severity nor the frequency of 
pathological calcification outside the skeletal system has 
ever been found to be aggrevated by high fluoride ingestion. 
In the bones, fluorine increased the size of the apatite 
crystals and reduces their solubility. This has naturally led 
to .expectation of the positive role of fluorine as a skeletal 
stabilizer. Large doses of NaF 0.5 to 1.0 mg /kg body weight 
have been tried as a therapeutic agent in the otherwise rather 
hopeless osteoporosis cases of Paget's disease some times, but 
not always with reported success (Purves, 1962; Bernstein et al., 
1963> and Cohen and Gardner, 1966). 
A somewhat spectacular report is that NaF beingadminis-
tered to the crew in manned space flights in order to 
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counteract the loss of skeletal calcium that follows from weight 
lessness and physical inactivity. 
Flourine is an element of increasing interest in several 
other connections also. Many fluorine compounds have been put 
to medical therapeutic use, e.g. fluorine containing corticos-
teroids, and organic fluorine compounds for narcosis, pneumotho-
rax. Fluorine analogues of tyrosine and phenylalanine have been 
suggested as possible therapeutic agents in thyroid disorders. 
Fluorine containing o^ and "?( substituted glycerol enter deriva-
tives, such as 3-(2-trifluoromethylephenoxy) propane-1, 2-diol 
and 3-(2-fluorophenoxy) propane-1, 2-diol, have been suggested 
for use as muscle despressants. Fluorinated pyrimidines, fluoro-
acetate, fluorocholine,fluorinated dimethylazobenzene, and other 
organic fluorine compounds have been-.tried out with some success 
as chemotherapeutic agents in the treatment of cancer. Di-
isopropyl phosphofluoridate (DPF), a potent choline esterase 
inhibitor has been used as insecticide and in nerve gas. Some 
organo fluoro compounds have recently been used as oxygen carrier 
in artificial blood. 
(b) Fluoride toxicity 
Investigations of toxic effects of fluoride in hxomans have 
evoked a lively interest throughout the world because piJblic 
health programmes of fluoridation for the prevention of dental 
carioS/ have always been considered to involve the risk of 
remote cumulative intoxication. However, the indices of early 
intoxication are poorly defined and this has resulted in an 
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element of speculation and confusion about the toxic potentia-
lities of the fluoride ion. At the very onset, a clear distinc-
tion must be made between acute toxic effects, which result from 
a single massive dose, and the chronic toxic effect of large 
doses spread over a number of years. 
The literature reveals several episodes of acute poiso-
ning due to NaF which has been mistaken as flour, sugar and 
backing powder and added to food (Waldbott, 1963). The most 
severe accident with 47 deaths occurred in Oregon, where a hel-
per in the kitchen mistakenly had added 18 lbs of roach powder 
containing 9 0% NaP to a 10 gal mixture of scrumbled eggs. 
During recent years, several instances of multiple poi-
soning due to mechanical difficulties with fluoridation equip-
ment have come to notice at different places, leading to acute 
fluoride exposure to large populations of those areas. Whereas 
formerly the belief prevailed that fluoride affects teeth and 
bones, we now know that practically every organ can be involved 
ability to 
by fluoride (Waldobott, 1978) due to its/permeate all cell mem-
branes (Repaske, 1979). 
The chronic exposure tolerance level for fluorine is 1 ppm 
and for HF is 0.7 ppm (Stockinger ^  aj,., 1949). The highest 
concentrations of HF that can be tolerated by man for 1 min is 
100 mg/m of air (which causes some degree of conjunctivites and 
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respiratory irritation) (Machle et aj.., 1935). In certain areas 
in India with high levelsof naturally occurring fluorine, inhi-
bitants as well as individually exposed workmen suffer from 
severe fluorosis, reported as earlier as in 1937 (Short et aJL., 
1937), The symptoms were pain in bone, stiffness and crippling. 
The toxicity due to fluorides is still a great challenge because 
yet we have neither reliable diagnostic tests for early detec-
tion nor a satisfactory line of therapy for fluorosis. This is 
because of the lack of knowledge of mechanism of fluoride toxi-
city. The toxic effects due to fluorides are not only confined 
to the skeletal tissues but deleterious effects of fluoride on 
muscles, central nervous system, cardiovascular system, respira-
tory tracts, gastrointestinal tract, liver, kidney have also been 
reported (Kaul, 1976 and Zavronkov, 1977). Smith and Hodge(l959) 
have' related the concentrations or doses of fluoride to the bio-
logical effects indicated in Table (I.4). 
The strong affinity of fluoride for calcium can interfere 
with the calcium phosphorus metabolism. In acute poisoning the 
blood level of calcium may temporarily drop as low as 4 mg % 
(Rabinowitch, 1945) . Paraesthesias in arms and legs, muscle pain 
and fibrillation and, under certain conditions, tetaniform con-
vulsion (Waldbott, 1957) can thus be explained. 
In gastric juice acid, acid urine and acid saliva, the pre-
sence of fluoride compounds lead to formation of the highly irri-
tating HF which accourts for ulceration of the gastric mucosa, 
haemorrhagic vomitting and the severe epigastric pain& a major 
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Table i.4 
Relation of different concentrations of doses of fluoride to 
the biological effects 
Si. Concentration or 
No, dose of fluoride 
Medium Effect 
1. 2 parts per 1000 
million 
Air 
2. 
?. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
1 ppm 
2 ppm or more 
5 ppm 
8 ppm 
20-80 mg/day or more 
50 ppm 
100 ppm 
More than 125 ppm 
2.5-5.0 g 
water 
Water 
Urine 
Water 
Water/air 
Food/ 
water 
-do-
-do-
Acute 
dose 
Injury to vegetation 
Dental caries reduction 
Mottled enamel 
No osteosclerosis 
10% osterosclerosis 
Cripling fluorosis 
Thyroid changes 
Growth reduction 
Kidney changes 
Death 
Smith and Hodge (1959) 
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feature of fluoride poisoning (Whitford, 1979). 
Observations on animals and humans by Kaul and Susheela 
(1974) and Kaul (1976) demonstrated that fluoride impairs the 
formation of collagen tissue in acute fluoride poisoning. They 
also demonstrated a direct action of fluoride on muscle and nerve 
tissue. Their findings would satisfactorily explain the wide 
variety of musculoskeletal as well as sucta neurological manifes-
tations as headaches/ paj^sthesias, visual disturbances, optic 
neuritis and mental deteriorations. 
Polyuria, polydipsea and lower urinary tract involvement 
are common in both acute and chronic fluoride poisoning(Waldbott, 
1956). Hyperglycemia has been demonstrated in experimental fluo-
ride" poisoning mediated by increased release of epinephrine 
(HcGown, 1979), 
Hongelo _et _al. (1974) found that fluoride is cytotoxic to 
cells in vitro, causing growth inhibition and cell death. How-
ever, by long time treatment with slowly increasing concentra-
tions of fluoride, resistant cells may be developed which are 
able to grow at P" concentration several times what is lethal to 
the sensitive cells (Mankovitz ^ Sil., 1978, Holand and 
Hongslo, 1978a). At subcellular level, it causes inhibition of 
protein and nucleic acid synthesis (Kathpalia, 1978 and Holland 
1979). Alterations in the permeability of membranes and membrane 
bound enzymes have also been reported (Martin et _al., 1980 
Kaul, 1974). The uptake and transfer of fluoride from different 
tissues (Suketa et _al., 1980a and Ahokas, 1980) and its effect 
on the transport of physiological ions (Suketa, 1980) contribute 
better idea of the mechanism of its toxicity. 
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SCOPg AND PLAN OF THE PRESENT INVESTIGATION 
Owing to the well known universal presence of fluoride in 
foods and waters, intake of the elements, by way of the diet is 
inevitable and has almost certainly taken place throughout the 
elementary development of man. It/ therefore, becomes necessary 
to study the effect of fluoride on the system initially exposed 
to it. This gastrointestinal (GI) tract, as it is called, is 
essentially an inlet of the body surface with which it is conti-
nuous at both ends. Physiologically, the contents of the GI 
tract may be considered outside the body, i.e. the tissues of the 
animals. 
Different parts of the tract specialize in different acti-
vities, thus the buccal cavity is the main mincer of the food, 
stomach is the chief container, the small intestine the chief 
absorbant region while the large intestine (colon) is primarily 
concerned with the absorption of water and also with excretion. 
Excessive research has been carried out so far the effect 
of fluoride on the first part of gastrointestinal tract, i*e. 
buccal cavity, is concerned. As already mentioned in the benefi-
cial role of fluoride, a very good relation has been established 
between the conditions of teeth and their exposure to fluoride. 
In fact, the discovery of this connection between excessive con-
tent of fluoride in water and endemic mottling of the enamel, was 
one of the main starting points of research of fluorides and hard 
tissue physiology and pathology. But so far the other parts of 
GI tract and their importatit physiological functions, i.e. 
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digestion and absorption of nutrit^ nts are concerned, very little 
attention has been given. 
Following oral administration, of fluoride to animals, 
absorption from the gut involves its translocation to blood 
stream and then to various tissues. There are sufficient data 
of mechanism of fluoride absorption or transport across GI tract 
to show how much fluoride is absorbed, how much is eleminated or 
modified by metabolism and how much is stored in the tissue. But 
so far its effect on the uptake of various food constituents, 
such as carbohydrates, proteins, lipids, and minerals, through 
its involvement in the process of digestion and absorption is 
concerned, very little data is available. Moreover, the binding 
and transport of fluorides across intestinal epithelium may 
effect the mobilization of •ohysiological ions and other solutes 
and the membrane permeability of the epithelial cells and thereby 
altering the activities of related enzymes, is still to be fully 
understood. 
Results of the studies embodied in this thesis account 
for the following biochemical aspects of gastrointestinal tract 
in response to the fluoride: 
1. Effect of fluoride on membrane permeability and brush 
boader enzymes of rat gastrointestinal tract. 
2. Experimental fluoride toxicity: A comparative study on 
lipid peroxidation and various key enzymes of different 
tissues of rat, 
3. Involvement of fluoride in the'uptake of sugars and amino 
acids by rat intestine at tissue and cellular levels. 
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FLUORIDE AND INTESTINAL BRUSH BOADER MEMBRANE 
The small intestine, which carry out transepithelial 
transport of solutes and fluid are characterized by cells with 
demonstrable polarity. The polarity is evident functionally by 
the observed differences in the mechanisms by which solutes 
enter and leave the cell and ultrastructurally by the differen-
tiation of the plasma membrane into two distinct entities, the 
brush boader and basolateral membranes. 
Physiological studies _in vivo and with a variety of rela-
tively intact intestinal preparations have demonstrated the net 
movement of sugars, amino acids and electrolytes across a memb-
raneous barrier against the existing electrochemical gradient. 
These findings suggest that the brush boader membrane is the 
site of active transport processes. This prompted the develop-
ment of techniques for the isolation of the brush boader membrane 
and the description of its chemical and enzymatic properties. 
The brush boader of small intestine consists of membrane-
ous finger-like processes, the mecrovilli, that project freely 
into the lumen from the apical surface of the cell. The average 
length of the intestinal necrovilli is 1 xim with a range of 
0.75-1.5 Aim (Trier, 1968), while width is 0,1 yum. It has been 
estimated that the microvilli increases the luminal cell surface 
approximately 14-39 fold in intestine compared with that which 
would be presented if the cell had a flat apical plasma membrane. 
Miller and Crane (1961), using the hamster, were the first 
FLUORIDE AND ENZYMES 
Little is known about the in vivo effects of fluoride at 
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the low levels occurring naturally in body fluids and soft 
tissues on enzymes and the various facets of general metabolism 
of the living organism. Low levels of fluoride have been repor-
ted to promote growth, flowering and higher yields of various 
plants. Perhaps such development of plants has been due to the 
stimulation of photosynthesis (Navara, 1963) by traces of fluo-
ride and improvement in soil organic matter (Leroux, 1940) and 
nitrogen fixation (Fedorov, 1947) by soil micro-organisms under 
the influence of fluoride. Traces of F"* stimulated the growth 
of embryonal cultures of chick heart and kidney (Hintzsche, 1954) 
In tissue-culture experiments employing murine leukaemic lympho-
blasts (Albright, 1964) human HeLa and Minn EE cells (Aramstrong 
_et ^ . , 1965) and bone (Proffit and Ackerman, 1964), fluoride 
was found to interfere v/ith the cell growth and metabolism only 
—4 \ at levels higher than lOp n ( 5 x l O M; which far exceeds the 
—5 
natural level of fluoride below 0.2 ppm (10 M) in body fluids, 
thus providing a ' safety factor of 50 or more. 
At certain optimal concentrations, fluoride is reported to 
activate a variety of physiological processes, for example, yeast 
respiration (Borei, 1942); Escherichia Coli fermentation 
(Opienska-Blauth, Kanski and Stobinska, 1949); enzymatic decom-
position of nitromethane (rabbit liver) (Egami and Itahashi, 
1951); synthesis of citruline (rat liver) (Cohen and Hayano, 
1947); vibrio adenosinase (Aqarwala et al., 1954); pancreatic 
diastase (pig) (Wachsmann and Grutzner, 1902); respiration of 
gastric mucosa (frog) (Davies, 1949); adenylate cyclase (Rail 
and Sutherland, 1962 and Schramm and Naim, 1970); glucose-6-
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phosphatase (Suketa ^  al., 1980). Not much is known about the 
mechanism of activation of those processes by fluoride. It is 
likely that fluoride, through its ability to complex certain 
metals/ unmask^ active surfaces of the enzyme previously covered 
by calcium or some other heavy metal. When a particular metabo-
lic 'pathway is blocked by fluoride, the cellular organization 
could stimulate and exploit an alternative pathway ;>for cellular 
function which may appear as activation by fluoride of the enzyme 
concerned. Fluoride could indirectly activate an enzyme. For 
instance, by inhibiting the phosphorylase-rupturing enzyme, fluo-
ride >contributes to the conservation of tissue phosphorylase, a 
situation suggestive of activation of phosphorylase by fluoride 
(Sutherland, 1951), 
Mechanism of inhibition by fluoride of several enzyme 
systems have been investigated using fluoride concentrationsv 
several times higher than those present in normal body fluids. 
To .what extent the mechanisms as revealed by using such high 
concentrations of fluoride would be operative at low levels of 
fluoride cannot be predicted. Nevertheless, these studies lend 
an insight into the possible mechanisms, which seem to be many. 
Fluoride can partly bring about enzyme inhibition by being 
absorbed on (and thus blocking) the active sites of the enzyme 
required for formation of enzyme substrate complex. This could 
be -the reason why in some instances there is less inhibition of 
enzyme when fluoride is added after the substrate (Marcuse and 
Runnstrom, 1943). 
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FLUORIDE AND LIPID PEROXIDATION 
I I I - • • . - , . . — — • I, I . . , ^ , • - •• 
Owing to the hydrophillic nature of sugars and amino acids, 
the lipid matrix of the plasma membrane constitutes an important 
barrier, to their movement across the membrane. LeFevere _et al. 
(1968) suggested that membrane phospholipids are not directly 
involved in the binding and transport of glucose, but could be 
of importance for the mobility of the glucose carrier. 
Further, although indirect evidence for the involvement of 
membrane lipids in thee transport comes from studies with mem-
brane stabilizers, this general term was suggested for a wide 
variety of compounds that reduce the excitability, cation permea-
bility and osmotic fragility of the plasma membrane (Shanes, 
1958). Several different membrane stabilizers (local anesthetics, 
barbiturates, psychotropic and anticonvulsand drugs) have been 
shown to inhibit the transport of glucose, galactost, 3,0-methyl 
glucose and sorbose in rat diaphram muscle (Rafaelsen, 1961 and 
Bihler and Sawh, 1971 c) soleus muscle, adepocytes, and eryth-
rocytes of rat (Clausen ^  aJ.., 1973) as well as in human ery-
throcytes (Baker and Rogers, 1973). rlt should be poted that the 
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inhibitory effects/ these compounds are seen only within a cer-
tain concentration range, beyond whiclrj|a non-specific leakage of 
the plasma, membrane is produced with ensuing loss of potassium 
and an apparent stimulation of sugar transport (Bihler and Sawh, 
1971 and Clausen et ^ . , 1973) , 
Since fluoride has a strong salting out effect on the 
non-electrolytes and tend to strengthen hydrophobic' interactions 
o 8 
of proteins and multi-component systems, it has been designated 
as antichaotropic agent (membrane stabilizer) (Hatefi and 
Haustein, 1974). But fluoride has been found to induce supero-
xide production in rabbit polymorpholeukocytes (Elferink, 1981). 
The availability of unsaturated fatty acids (Rouser et aj.., 1968) 
in an organized fashion together with protein, oxygen and cata-
lysts like coordinated iron and haemproteins (Tappel, 1973; 
Honeybourne et jl*/ 1979 and Koller, 1979) render biomerribranes 
vulnerable to damage by peroxidative decomposition. Since this 
biological event seriously effects functional organization of 
membranes and thereby the entire cellular economy, lipid peroxi-
dation studies in presence of fluoride in relation to membranes 
assume great significance. 
FLUORIDE AND pPTAKE OF NUTRIENTS 
Absorption of digested nutrients is one of the major 
functions of the intestine. About 90 per cent of the ingested 
foodstuff is absorbed in the course of passage through the 
intestine. Carbohydrates (sugars), proteins (amino acids) and 
lipids (fatty acids) constitute the major portion of the inges-
ted food. 
The overall lipid absorption process can be divided into 
three phases: 
1. the intraluminal phase, during which dietary fat is 
hydrolyzed and elulsified. 
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2. the cellular phase, in which transport of luminal lipo-
lytic products into the epithelial cell and their subse-
quent reesterfication occurs, and 
3, the transport phase, where chylomicrons are assembled and 
pass into the lymphatics. 
The pancreatic lipase which plays major role in the first phase 
of lipid absorption is relatively insensitive to fluoride 
(Hubsher, 1970). Schitzer-Polokoff and Sutt:ie(1981) have obser-
ved the inhibition of infused lipid uptake in the upper small 
intestine of rats by fluoride. They have suggested that the 
effect of fluoride may be on the mucosal reesterification of 
dietary lipid, i.e. second phase of lipid absorption. 
No literature is available regarding the effect of fluoride 
on the uptake of sugars and amino acids in the intestine. Dost 
et al. (1977) have reported that impairment of glucose utiliza-
tion in rats takes place during and after continuous infusion of 
sodium fluoride, while Holland and Hongslo (1979) have reported 
that levels of some natural amino acids were reduced in mouse 
fibroblasts (LS cells) by fluoride. 
PRIMARY AND SECONDARY ACTIVE TRANSPORT SYSTEMS FOR SUGARS AND 
AMINO ACIDS 
The most unusual definition of an active transport system 
is that it cariSs .' a molecule across the cell membrane (in 
either direction) against a concentration gradient. We talk 
about a cell actively accumulating a particular substance or 
actively secreting a particular substance since the process 
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involves flow against the concentration gradient, it cannot be 
simple diffusion or even facilitated diffusion. There roust be 
some energy input to the system. However, the facilitated 
diffusion of one chemical species can lead to the active trans-
port of another. In the example, when there is a large sodium 
ion gradient across the membrane, the carrier will continue to 
carry another species (sugars, amino acids) against its concen-
tration gradients into the cell, the driving force being the 
electrochemical gradient set up by the distribution of the Na"*" 
ions. No other source of energy need to be used to drive sugar 
(or amino acid) transfer in such cases. On the other hand, 
maintenance of the sodium gradient, required to drive the accu-
mulation of organic molecules, goes on by some levels of pump" 
by means of which the cells spend energy to extrude sodium ions 
and keep the internal concentration low. In such cases, the 
distinction can be made that the cation pump is a primary active 
transport system and the linked co-transport mechanism is a 
secondary active transport system. It is poESible to distinguish 
the primary active transport system from a secondary active 
transport system. For convenience, however, we can make the 
following distinction. A primary active transport system is one 
in which the net flux of a particular material is driven by an 
energy expenditure and in which the translocation of some other 
molecule is not involved. For the most part this would mean 
that energy is coupled to the transport system by "the conver-
sion of ATP to ADP. There is not transport of either of these 
species in driving the net flux of the perm^ aofe molecules. 
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whereas in the case of the Na co-transport or linked counter 
transport systems, the net flux of organic permeant is directly 
the result of the net flux of Na ion. 
PRIMARY ACTIVE TRANSPORT (Na"^ ^ K"*"-ACTIVATED ATPase AND OPTION 
TRANSPORT 
The first chemical definition of a cellular transport 
system was made by Skou (1957) in a study of the cation pump in 
crab nerve. Considering that ATP has been shown to provide the 
energy for all sorts of cell functions, he reasoned that this 
would probably also be the case for active transport. He further 
assumed that an ATPase would be required to make the energy of 
ATP available to cation transport, and that this enzyme might 
+ + 
require Na and K for activity. He was able to demonstrate in 
2+ 
a crab nerve particulate fraction an Mg -dependent ATPase acti-
vity, which was increased considerably upon simultaneous addi-
4- + 
tion of Na and K to the assay medivim. Subsequently, he found 
that this additional ATPase activity was completely inhibited 
by ouabain, one of the digitalis glycosides (Skou, 1960) which 
some years earlier had been shown to be powerful and specific 
inhibitors of cation transport in erythrocytes (Schtzmann, 1953). 
On the basis of these observations, Skou suggested that this 
ouabain sensitive, Na"*", K"'"-activated ATPase might be part of, or 
identical with, the cation pump in nerve cells. 
Some of the important characteristics of the Na"*", K"*"-
ATPase system are as follows: 
1, The Na , K -ATPase activity is always accompanied by a 
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Na"*", K'''-insensitive Hg^"^-dependent ATPase activity. The available 
evidence warrants the conclusion that these are two separate 
enzymes (Bonting, 1970). This necessitates a differential assay: 
the Na"*", K'*"-ATPase activity is determined as the difference 
between the sum of the two activities (Na"*", K"^ , Mg ''', ATP pre-
2+ + 
sent in the assay medium) and the Mg -ATPase activity with Na 
and/or K*' omitted or ouabain present in fully inhibitory concen-
t:ration (Bonting, 1970). 
2. The Na, K-ATPase system requires Mg for its activity. 
2+ 
Optimal activity is obtained at a Mg :ATP ratio of 1:2. 
3. The enzyme is activated by the presence of both Na and 
K , not by either of these alone. The half-maximal activating 
concentrations vary from 5 to 13 mM for Na and 0.3 to 1.8 xm 
for K"*". 
4. The pH optimum of Na"^ , K'^ -ATPase varies from 7.0 to 7.8 
2+ 
while Mg -ATPase has a pH optimum between 8.4 and 8.9. 
5. Ouabain and other cardiac glycosides inhibit the enzyme. 
The half maximal inhibitory concentration for ouabain ranges 
-7 -4 from 10 M to 10 M depending on species and tissue. 
+ + 
6. The Na , K -ATPase system is a particulate enzyme located 
in the plasma membrane (Bonting, 1970). 
7. The Na , K -ATPase system -is of widespread occurrence: 
it is present in all vertebrate tissues studied so far, and has 
also been detected in tissues of several invertebrate 
species (Bonting, 1970). 
In recent years, considerable effort has been spent in 
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+ + 
elucidating the reaction mechanism of the Na , K -ATPase system 
(Bonting, 1970; Skou, 1971). The results of the work of Albers, 
Post and others have indicated that a phosphorylation, a trans-
phosphorylation or conformational change of the phosphorylated 
intermediate/ and a diphosphorylation occur. These sets of reac-
tions have been summarised by Albers, Koval and Siegel (1968) in 
the form of a model of the Na , K -ATPase mechanism (Fig, 1.1), 
SECONDARY ACTIVE TRANSPORT (COUPLED TRANSPORT OF SUGARS AND 
AMINO ACIDS WITH SODIUM) ^ 
Since, about 196 0 it has been known that the transport of 
several important metabolites/ such as glucose, and amino acids 
is coupled to the operation of the sodium pump in many types of 
cells (Schultz and Curran, 1970). This means these metabolites 
are transported by a form of a facilitated diffusion. 
The first indication came from studies on amino acid 
uptake by erythrocytes and Ehrlich ascites tumor cells 
(ChristenseU/ 1962). Replacement of 50 per cent of the Na in 
the medium by K reduces the level to which glycine, alanine and 
the non-natural amino acid o(, !(-diaminobutyric acid are accu-
mulated. Since the K level of the cell is reduced during amino 
acid accumulation/ it was thought that the K"*" gradient would be 
responsible for the accumulation process. 
However, experiments on glucose transport in the isolated 
intestine showed that not the K gradient but the transport of 
+ + 
Na is primarily responsible. Complete replacement of Na in 
+ 7+ 
the mucosal medium by Li , Mg or choline abolishes the trans-
port of the non-metabolized glucose analogue 3-0-methy1-glucose 
34 
Pig. 1.1 Model of the Na , K -ATPase mechanisin. 
NQ\6-'\ 
^ + 
' K . 
\ ^ ^ 
-Na 
k K 
After AlberseloL 1968 
The circle represents the cell membrane. In the cis» form th§ 
the enzyme has its cation-binding sites turned inwards, while 
in the transform they are turned outwards. Reaction 1 is the 
Na dependent ATP-ADP exchangfe. Phosphorylatij^n converts the 
cis form to the transform (2). Exchange of Na for K takes 
place (3) In the presence of K"*" dephosphorylation occurs (4) 
and. the enzyme reconverts to the cis form (5) with exchange of 
K for Na"^(6). 
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(Csaky and Thale, 1960). The same is true for glycine uptake 
in Ehrlich ascites tumor cells (Kromphardt et al., 1963), which 
is# moreover, non-competitively inhibited by ouabain (Bittner 
and Heinz, 1963). Further experiments on the intestine showed 
4. 
that the mere presence of Na ions on the mucosal side is not 
sufficient, but that active Na transport is required. Addition 
of cardiac glucoside such as ouabain in the presence of mucosal 
+ + 
Na inhibits both Na transport and carbohydrate transport . 
(Csaky, Hartzog and Fernald, 1961). Ouabain acts only on the 
serosal side. Experiments with intestinal strips showed that in 
the presence of Na in the medium an exchange occurs between 
previous accumulated carbohydrate and external carbohydrate; 
this exchange is not inhibited by oubain, but is^inhibited by 
phlorizin, a potent inhibitor of carbohydrate uptake (Crane, 
1965). 
Such observations led to the model presented in Fig. 1.2 
where E^ is the ouabain-sensitive Na ,, K -ATPase sodxum pump, 
which maintains a passive Na influx across the mucosal membrane-. 
This Na influx activates the phlorizin-sensitive facilitated 
diffusion system E. for glucose. The inward mucosal glucose 
transport could occur by means of a 'carrier' binding both Na 
and glucose and then losing them on the cytoplasmic side. 
Supporting evidence for this model comes from the good agreement 
between half-maximal activating concentration of the carbohydrate 
(or amino acid) for Na transport and for glucose transport, and 
also from the approximately 1:1 ratio between Na flux and 
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SEROSAL 
SURFACE 
MUCOSAL SURFACE 
Phlorizin 
G. 
NQJ, 
f igurcll •% Modelfor the coupled transport o/Na * and glucose m the intestine 
£, IS the phlonzin-sensilive facilitated diffusion system for glucose, Ej the oua-
bam-sensitive sodium pump The heights of the columns at the bottom indicate 
the prevaihng concentration of glucose and Na* mucosatly and tntracetlularly 
Subscript s refers to serosal, i Co intracellular and e to extracellular (From Stem, 
1967, courtesy of Academic Press}-
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carbohydrate flux (Schultz and Zalusky, 1964). Sodium dependent, 
binding of L-histidine to a mucosal brush boader preparation 
,1, 
of hamster intestine (Faust, Burns and Misch, 1970) and Na 
dependent^ phlorizin-sensitive binding of glucose to a brush-
boader preparation of rat kidney (Frasch et al., 1970) have been 
reported* 
Further confirmation for this 'ion-gradient' model has 
been derived from studies on amino acid transport with reconsti-
tuted erythrocyte ghostS/ in which both the internal and exter-
nal medium can be controlled (Vidaver, 1964, a^b,c). 
Two further findings deserve to be mentioned. The co-trans-
port carrier itself does not appear to require energy to func-
+ 
tion, but rather it depends on the energy supplied by the Na 
gradient. Depleting Ehrlich ascites turnover cells of ATP by 
incubation with cyanide does not stop glycine influx as long as 
a Na gradient is present (Eddy, Mulcahy and Thomson, 1967). A 
possible explanation for the way in which the co-transport carr-
ier loses the transported metabolite on the cytoplasmic side of 
the membrane is suggested by observations on the transport of 
6-deoxyglucose in the everted intestinal sac (Crane, Forstner 
and Eichholz, 1965). The carrier affinity for the carbohydrate 
is regulated by Na and K , At the internal side of the mem-
+ -(* brane the high Na :K ratio would favour binding of the carbohy-
drate, while on the cytoplasmic side of the low Na :K ratio 
would favour dissociation of carbohydrate. 
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THE ^-.GLUTAMYL CYCLE FOR AMINO ACID TRANSPORT 
The ^-glutamyl cycle has been proposed by Meister as a 
mechanism by which amino acids are transported (Meister, 1973; 
Meister and Tate, 1976). The cycle is summarised in Pig. 1-3. 
It shows how S-glutarTYl transferase in the microvillar membrane 
transfers an amino acid into the cell as >f-Glu-amino acid, 
which is split by another enzyme, t^ -glutamyl cyclotransferase 
to release the free amino acid. The energy input for the cycle 
is concerned in regenerating glutathione, the donor of the K-
Glu-residue; the stoicheiometry is three ATP per amino acid 
transported. But so far ^-glutamyl cycle hag failed to fulfil 
its postulated role. 
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Glu-Cys-Gly 
(G5H) 
acl 
5- Oxoproline 
ATP 
N y-Glu-Cy S'-f 
Glycine-
Cystein 
Glutamic acid ( 3 
ATP ATP 
After MsistGr(1973 ) 
Fig. 1.3 Meis te r ' s "S-glutamyl cycle: 
Enzymes: 1, IT-glutamyl t ransferase , 2 . "^-glytamyl 
cyclotransferase, 3 . 5-oxoprolinase, 4, cysteingly-
cine peptidase, 5. iT-glutamylcystein synthetase, 6. 
glutathione synthetase . 
CHAPTER I I 
EFFECT OF FLUORIDE ON MEMBRANE PERMEABILITY AND BRUSH 
BOADER ENZYMES OF RAT GASTROINTESTINAL TRACT 
I n t r o d u c t i o n . . . * . . , . 4 0 - 4 1 
M a t e r i a l s a n d M e t h o d s . . . . . . . . , . . . 4 1 - 5 1 
R e s u l t s 5 1 - 6 3 
D i s c u s s i o n . . . . , , , , . . , . , . , . 6 3 - 7 1 
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INTRODUCTION 
Fluoride consumed by human subjects/ intentionally or 
unintentionally, enters the body/ mainly through oral route. 
Although much is known about its metabolism and distribution in 
the human body (WHO Report/ 1970), the gross effect of fluoride 
ingestion and its mode of action on its primary site, i.e. gastro-
intestinal tract, is largely unknown. 
Acute and sxib-acute gastric symptoms due to fluoride in 
inhabitants as well as individually exposed workmen have been 
reported as early as 1937 (Roholm, 1937). Fluoride is reported 
to alter the permeability of oxynetic cells of gastric wall to 
various ions under in vitro and in vivo conditions (Bond and 
Hung, 1956; Reed and Smy, 1980; Assem and Wan, 1982). 
In addition to gastric secretion, which initiates the 
proper digestion of food stuffs in stomach, intestinal brush 
boader membrane constitutes one of the most important cellular 
membranes owing to its role in digestion and absorption. This 
Chapter describes -
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i) effect of oral fluoride adndnistration on gastric 
acid secretion under _in vivo conditions; 
ii) effect of single oral doge of NaP on the intestinal 
brush boader enzyme activities; 
and iii) effect of instilled fluoride on the intestinal brush 
boader enzyme activities as well as on the membrane 
permeability of intestinal epithelial layer under 
in situ conditions. 
KATERIAL.S AND ^ lETHODS 
CHEMICALS 
7^-glutamyl-p-nitroanilide, glucose oxidase, peroxidase^ 
bovine serum albumin, haemoglobin and D~mannose were obtained from 
Sigma Chemical Company, St Louis, Mo., U.S.A. 2-Thiobarbituric 
acid was purchased from E. Merck, Darmstadt, Germany* p-Nxtrophe-
nylphosphate was obtained from SISCO Research Laboratories Pvt. 
Ltd., Bombay, while sodixim fluoride and Topffer's reagent were 
purchased from Glaxo Company (India) Ltd., Bombay. All other 
chemicals used during this study were of analytical grade. 
ANIMAL EXPERIMENTATIONS 
(a) I_n vivo studies 
Male albino rats of 100 gm average body weight obtained 
from Industrial Toxicology Research Centre animal colony fed 
ad libitum on a pellet diet (Hind Lever Laboratory Feeds, India), 
and maintained under standard laboratory conditions (air-conditio-
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ned rooms and steel cages) were used throughout the study. 
To study alterations in the gastric secretion, rats were 
divided into two groups. Grttiup I or the experimental animals 
were orally administered with 25 mg NaF per kg body weight per 
day. Group II received normal saline in an identical manner and 
served as the controls. Six rats from each group were sacrificed 
affer 1. 15, 3 0 and 60 days of NaF and saline administration. 
Animals were subjected to 12 hours of fasting before sacrifice. 
Rats were sacrificed by a blow on head and stomach was 
dissected out after ligation at oesophagal and duodenal ends, 
and gastric juice was collected through an incession at the 
bottom of stomach. Stomach was washed with 2 ml of distilled 
water. Total volume of gastric juice was made upto 5 ml with 
dist. water. After centrifugation of the gastric juice to remove 
suspending food particles, it was analysed for free acidity, 
total acidity, pepsin activity and mucin content. 
To study the effect of oral administration of fluoride on 
intestinal brush boader enzymes, rats of 2 00-250 gm average body 
weight were orally administered with single dose of 90 mg- NaF 
per kg body weight, while the controls received similar concentra-
tion of NaCl in an identical manner. The rats were sacrificed 
after 6, 12, 24 and 48 hours of fluoride administration in the 
similar fashion as mentioned above. The intestines were removed 
immediately, weighed and placed in ice cold normal saline. After 
averting the intestine on a glass rod epithelial layer was 
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scrapped off conveniently with the help of a plain '.toothed for-
cep. Scrapping was carried out by pulling the averted intestine 
through the gap prepared at the tip of the forcep. 
Preparation of purified brush boader merribranes 
Purified brush boader mernbranes were prepared according 
to the method of Forstner et al, (1968) and as modified by Hopfer 
et jl. (1973), The weighed epithelium was placed in 75 volumes 
Of 1 nW Tris liEPES buffer pH 7.5 containing 5 rrM Na^ i^ DTA (EDTA 
buffer) and homogenized in a Waring blendor for 25 sefconds (F~ 
treated epithelium was homogenized for 10 sec. only). The pellet 
was passed through a pad o-p'g^ fa-^ .wool to remove larger fractions. 
All operations were performed at 4''C. After centrifugation at 
450 X g for 10 min., the sediment was washed three times by its 
Own supernatant. The sediment was then suspended in 5 vol. of 
EDTA buffer and centrifuged at 450 x g for 10 min. to give 'crude' 
brush boader membrane fraction. The washed sediment of 'crude' 
brush boader fraction was then suspended in 2 vol", of 1 mM Tris-
HEPEPS buffer containing 90 mM NaCl and 0.8 rrM EDTA, mixed thoro-
ughly and kept until a well defined sediment was developed. This 
step usually required 20-3 0 min. 1'he supernatant and sediment 
were then poured in succession through a pad of glass wool to 
remove aggregated particles. The glass-wool pad was washed with 
20 ml of EDTA buffer and brush boaders in the total washings were 
sedimented by centrifugation at 450 x g for 10 min. and washed 
once again with 1 rrM Tris HEPES buffer, pH 7.5 containing 2.5 rrM 
EDTA. After centrifugation, the final pellet was suspended in a 
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convenient volume of 2.5 rrM EDTA buffer. This fraction was 
referred as 'purified' brush boaders. The purity of brush boa-
der rnenbranes was established by measuring the activity of mar-
ker enzymes/ viz. sucr-ase (BBS), alkaline phosphatase (BBAP) and 
X'-glutamyl-transpeptidase (BBGT) while succinate dehydrogenase 
(SDH) was used as a marker for the absence of mitochondria 
(Table 2.1). The 12 to 21 times increase in BBGT, BBS and BBAP 
activities and 2 0 times decrease in the SDH activity indicated 
that purified brush boader membranes were obtained during these 
experiments. Figure 2.1 shows light micrograph of isolated puri-
fied brush boader membranes. 
(b) ^  situ studies 
Male albino rats of 200-250 gm average body weight from 
the earlier mentioned source were used throughout the studies. 
The animals were kept fasted overnight with water ad libitum. 
Abdomen was opened by a midline incision under ether anaesthesia. 
The intestine was washed with normal saline (SV^C) through two 
small cuts, one made slightly distal to the duodeno jejunal junc-
tion and the other at the distal end of the ileiom. After proper 
washing, the distal opening was'ligated while through proximal 
opening, with the help of a syringe fitted with blunt tipped 
needle, 4 ml of 10 rrM glucose in 1.15% KCl (37°C) containing 
different concentrations of NaF were injected and represented 
experimental animals. Control animals were treated in the simi-
lar manner except that NaF was replaced by equal concentration of 
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FIG2.1 LIGHT r^\cROGRAPHC500X) OF 
INTESTINAL BRUSH BOAD^R MEMBR/XNES 
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NaCl. Proximal opening was immediately ligated after removing 
the needle. The length of the loops was always maintained at 
3 5 + 1 cms. 
The intestines were left _in situ and abdomen kept closed. 
Proper breathing of the animal was kept under watch throughout the 
experiments. The loops were removed after 3 0 minutes, gently 
blotted on filter paper, contents drained into graduated tubes 
and washed through with 2 ml of demineralized water. The loops 
were blotted once more between filter papers, applying slight 
pressure and wet weight was recorded. 
The luminal fluid (LF) was made upto 10 ml total volume 
with demineralized water and 1 ml from it was deproteinized with 
1 ml of 1(^ ice cold TCA and the supernatant was used for the 
•4* ^ "4*-t-
determination of Na , K and Ca ions, by atomic absorption spe-
ctrometry (Perkin-Elmer-5000 Atomic Absorption Spectrophotometer). 
Protein content was determined by the method of Lowry et _al. (1951) 
using bovine serum albumin as standard. Sialic acid and nucleic 
acid contents were also determined in the luminal fluid. 
Acidity 
Estimation of free and total acidity was carried out as 
described by Hawk (1947). The assay system consisted of 1 ml 
gastric juice, 4 ml of demineralized water and two drops of 
Topffer's reagent. The mixture was titrated against 0.01 N NaOH. 
Changes from reddish to light yellow colour and from light yellow 
to reddish colour gave free acidity and total acidity, respectively, 
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Results were expressed as meq. per litre gastric juice (ml of 
0.01 N NaOH required to neutralize one litre of gastric juice)^ 
Mucin content 
Mucin content was estimated as described by Dische (1947). 
The assay system contained 0.1 ml of gastric juice, 0,7 ml HO, 
0.2 ml of 0.2% manose and 4,5 ml of 6:1 sulphuric acid:water mix-
ture. After keeping in boiling water bath for 3 min., tubes were 
cooled to room temperature and 0.1 ml of 25% thyoglycolic acid 
was added, shaked and left at room temperature for 24 hours. A 
deep pink colour developed. The interference in colour due to 
pentoses was removed by developing colour in absence of mannose. 
Mucin was calculated as >ug/ml gastric juice using glucuronic acid 
as external standard. 
Sialic acid 
Sialic acid estimation was carried out by the method of 
Warren (1959). The assay system consisted of 0,4 ml of LF, 0.1 
ml of 0.2 M sodium peroxidat-a in 9 M phosphoric acid. After 
proper shaking, the tubes wi_re allowed to stand at room tempera-
ture for 2 0 minutes. This was followed by the addition of 1 ml of 
1C% sodium arsenite in a solution of 0,5 M sod. sulfate and 0.1 N 
H2SO and ti±>es were shaken until yellow-brown colour disappeared. 
Finally, 3 ml of 0,6% 2-thiobarbituric acid in 0.5 M sodium sul-
fate was added, and after proper shaking tubes were kept in boi-
ling water bath for 15 minutes. The tubes were cooled and coloUr 
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0.5 ml of supernatant was diluted to 3 ml and read at 280 nm. 
Peptic activity was calculated in pepsin units, i.e. 0.001 O.D. 
change per minute per ml. 
Alkaline phosphatase (Orthophosphoric monoester phosphohydroxy-
lase, E.G. 3.1.3.1) 
Alkaline phosphatase (BBAP) activity was determined as 
described by Weiser (1973), The assay system consisted of 1 ml 
of 1 M Tris-HCl buffer (pH 9.4), 0.2 ml of 3 irM ZnCl2/ 0.2 ml of 
100 mM MgCl-/ 0.2 ml of 2.3 mM p-nitrophenyl phosphate and 0.1 
ml of enzyme. The volume was made upto 2 ml with water and incu-
bated at 37°C for 15 min. Reaction was terminated with 1 ml of 
••  N NaOH and intensity of colour was read at 420 nm. p-Nitro-
-"•="= •~-'* -nal stpndard. The specific activity was 
'/ • ^  jp^  - liberated per minute per mg-. 
protein. 
^-Gultamyl transpe^^J^^ .a.ne:D-glutamyl glutamyltransfe-
f. E.G. 2.3.2.1) 
The method of Boeli^^^le and Zibinden (l979 ) was followed 
for the estimation of ^ -glutamyl transpeptidase (BBGT), 
The assay system consisted of 0.9 ml of buffered substrate 
solution (0.1 M Tris-HCl, pH 7.6, 75 ixM glycyl-glycine, 10 nM 
MgCl2 and 4 nM X-glutamyl-p-nitroanilide) and 0.1 ml enzyme. 
Incubation was carried out at 37*C for 3 0 minutes and reaction 
was stopped by adding 3 ml of IC^ acetic acid. Colour was read 
at 405 nm. The specific activity was calculated An n moles of 
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extracted in equal volumes of cyclohexanone and was read at 549 
nm. 
Nucleic acids 
Nucleic acids were extracted and estimated as described by 
Porteous and Clark (1965). Extraction was carried out as follows: 
To measured volume of luirdnal fluid was added an equal 
volume of ice cold ICF/o TCA (w/v). After standing in ice for 10 
minutes, the suspension was centrifuged, the supernatant discarded 
and the sediment washed twice by alternate suspension and centri-
fuged in 5% TCA (w/v). The final sediment was extracted at room 
temperature with acetone, then chloroform:methanol:ether (2:1:1 
by volume) and finally three times with ether. The dried sediment 
was extracted at lOCC for 10 minutes with 5% TCA, cooled, centri-
fuged and the supernatant extract retained. Extraction of the 
residue was repeated twice more for 5 min. at 100°C with 5% TCA, 
The combined TCA extracts were analysed for DNA and RNA as descri-
bed by Burton (1956) and Webb (1956), respectively. 
EJSIZYME ASSAYS 
Pepsin (Peptide peptidohydrolase, E.G. 3.4.4.1) 
Pepsin activity was determined as described by Anson 
(1939). The assay system consisted of 0,2 ml of 2.5% haemoglobin, 
0.05 ml of 0.3 N HCl, 0.05 ml gastric juice and 0,2 ml of water. 
Reaction was stopped by adding 0.5 ml of &/o ice cold PCA after 
incubation at room temperature for 3 0 min. After centrifugation. 
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p-nitro-aniline liberated per minute per mg protein using 99 00 as 
Molar extinction coefficient. 
Sucrasc (/^ -D-fructofuranoside fructohydrolase, E.G. 3,2.1.26) 
Sucrase (BBS) activity was estimated according to the 
method of Dahlquist (1964). Assay system consisted of 1 ml of per-
oxidase - glucose oxidase reagent (PGO) (10 mg of glucose oxidase 
in 98 ml H^O + 1.0 ml of 1% 0'-dianicidine in 95% ethanol +1.0 
ml of 0.1% peroxidase in H O) and 0.1 ml enzyme. Preincubation 
was carried out for 2 minutes and reaction was started by adding 
1 ml of 2% glucose free sucrose. In this way^ two sets were pre-
pared. In one set incubation was carried out for 75 min. at 37**C 
while in second set incubation was carried out for 15 minutes 
only. The reaction was stopped by adding 1.0 ml of 50%, H_SO . 
Purple colour produced was read at 53 0 nm. The sucrase activity 
was calculated by the following formula: 
yu moles of sucrase hydrolysed = (G75 - G15) d x 50 
' n X 60 X 180 
per ml per minute 
G75 and G15 = amount of glucose found in /ug after 75 and 
15 minutes of incubation respectively. 
d = dilution factor of sucrase (homogenate) 
n = number of glucose molecules liberated per 
molecule of substrate (for sucrose n = l). 
Succinate (dehydrogenase (Succinate: (acceptor) oxidoreductase, 
E.G. 1.3.99.1) 
The method of Slater and Boaner (1952) was followed for 
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the estimation of succinate dehydrogenase (SDH). Assay system 
consisted of 0.4 ml of 0,1 M phosphate buffer (pH 7.4), 0.4 ml 
of 0.01 M potassium ferricyanide/ 0.2 ml of 0.1 H potassium cya-
nide, 0.1 ml of 0.1 M sodium succinate and 0.2 ml enzyme. Total 
volume was made upto 2 ml with distilled water followed by incu-
bation at 37°C for 30 minutes. Reaction was stopped with 4 ml of 
5% TCA and colour was read at 400 nm. Specific activity was cal-
culated as Ai moles of K Fe(CN) reduced/min/mg protein using 
0.909 as molar extinction coefficient. 
RESULTS 
Effect of fluoride administration on gastric secretion 
No significant alterations in either volume of gastric 
juice (Table 2.2) or acidity (Table 2.3) or peptic activity 
(Table 2*4) were observed in the rats exposed to fluoride for 7 
and 15 days. 
A six and three-fold increase in free acidity was noticed 
after 3 0 and 60 days of fluoride administration, respectively. 
Increase in the total acidity was found mainly due to increase in 
free acidity. Peptic activity was also found to be enhanced after 
30 days (73%) and 60 days (67%). A marked increase in the volume 
of gastric juice (2 and 3-fold, respectively) was also observed. 
No significant change in mucin content of treated animals was 
observed (Table 2.5). 
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Table 2.4 
Alterations in peptic activity 
Period of F 
exposure 
Category of rats Pepsin unit/mi % Activa-
tion 
7 days 
15 days 
3 0 days 
60 days 
Experimental 
Normal 
Experimental 
Normal 
Experimental 
Normal 
Experimental 
Normal 
228.33 (120-290)* 21 
188.33 (160-230) 
233.33 (180-280) 17 
200.00 (160-240) 
275,00 (240-330) 73 
105.00 (120-300) 
276.66 (200-320) 67 
160.00 (100-200) 
*Range of the values are expressed in parenthesis 
Each value represents the mean of 6 rats 
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T a b l e 2 .5 
A l t e r a t i o n s i n g a s t r i c mucin c o n t e n t i n r a t s on e x p o s u r e 
t o f l u o r i d e 
Exposu re u. gm m u c i n / m l _ g a s t r i c j u i c e % change 
p e r i o d C o n t r o l E x p e r i m e n t a l 
7 days 190 + 15 220 + 20 N . S . 
15 days 310 + 20 280 + 10 N . S . 
30 days 380 + 15 350 + 20 N . S . 
60 days 350 + 5 380 + 15 N . S . 
N . S . = Not s i g n i f i c a n t 
V a l u e s a r e mean + S.Eo of s i x r a t s 
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Effect of fluoride on brush boader enzyme activities 
Single dose of fluoride (.90 mg NaF/kg body weight) when 
orally administered to rats of 200-25 0 gm average body weight, 
resulted into rapid decrease in the BBAP, BBS and BBGT activities 
within six hours of fluoride administration (Pig- 2.2). The per 
cent inhibition rate remained almost constant upto 12 hours, but 
after 24 hours, a great decline in the per cent inhibition rate 
was observed with almost total recovery of enzyme activities 
after 48 hours of fluoride administration. Maximxim inhibition of 
47% and 4C^ was observed in case of BBGT and BBS, respectively, 
while BBAP showed 22% inhibition. Ninty mg/kg NaP dose for 2 00-
25 0 gm rats meant oral administration of 18-22 mg of NaP. If, 
as reported by Stookey et aj.. (1964), 3C% fluoride is absorbed in 
must have 
stomach, then 12-16 mg of KaP/entered the intestine. The effect 
produced by this fluoride concentration on the above mentioned 
enzymes was further studied by instilling different concentra-
tions of NaF . into the ligated intestine of anaesthetized rats for 
3 0 minutes. Rats showed a variable response at different con-
centrations of fluoride tried. 
Instillation of 4 ml of 96 rrM NaF (which was comparable to 
the amount of NaP supposed to have entered into intestine during 
oral administration), produced highly significant decrease in the 
activities of these enzymes (Table 2.6). BBGT and BBS were again 
found most affected with 73% and 59% inhibition, while 41% inhibi-
tion was observed in the case of BBAP. Under same experimental 
conditions, 12 nM NaF did not show any considerable effect on the 
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O 
HOURS 
F i g . 2,2 A c t i v i t i e s of i n t e s t i n a l b rush boader enzymes 
tiuGT, Bus, and BBAP of r a t s o r a l l y adminis te red 
wi th s i n g l e dose of NaF (90 mgs/kg body weigh t ) . 
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T a b l e 2 . 6 
E f f e c t o f f l u o r i d e on c e r t a i n b r u s h b o a d e r e n z y m e s 
t i n e u n d e r i n s i t u c o n d i t i o n 
Enzyme 
A l k a l i n e 
p h o s p h a t a s e 
S u c r a s e 
NaP c o n t . 
i n s t i l l e d 
12 rtM 
96 mM 
12 xm 
96 rrM 
^ - g l u t a m y l 12 ITM 
t r a n s p e p t i d a s e 
96 rtM 
/ u m o l e s of p r o d u c t l i b e r s 
m i n / m g p r o t e i n 
C o n t r o l 
2 . 2 1 3 + 0 . 2 7 
2 . 0 9 2 + 0 . 0 4 
1 . 3 2 1 + 0 . 0 6 
1 . 2 6 8 + 0 . 0 5 
0 . 3 8 2 + 0 . 0 4 
0 . 3 3 9 + 0 . 0 4 
F" t r e a t e d 
1 . 9 2 3 + 0 . 2 1 
1 . 2 2 5 + 0 . 0 7 
1 . 2 9 1 + 0 . 1 0 
0 . 5 2 1 + 0 . 0 4 
0 . 3 5 9 + 0 . 0 3 
0 . 0 8 9 + 0 v 0 2 
of r a t i n t e s -
I t e d / % i n h i -
b i t i o n 
13 
41 
2 
59 
6 
73 
Values a re mean + S.E. of 5 obse rva t ions 
59 
activities of these enzymes. When per cent inhibition rates were 
compared with the previous experiment, it was observed that a 
further increase in the per cent inhibition of all the three enzy-
mes had taken place, indicating that either recovery of enzyme 
inhibition had already started after six hours of oral administra-
tion or instillation of fluoride in ligated intestine might have 
made fluoride more localized to produce more drastic effects* 
Keeping in view the above results/ two reasons were sugges-
ted: 
i) fluoride produced a direct effect on the activities 
of these enzymes; or 
ii) altered integrity of brush boader membranes, resulting 
into the loss of these enzymes. 
However, third possibility )i. inhibition of protein synthesis 
(Holland, 1979) by fluoride cannot be ruled out. 
First possibility was ruled out by studying the effect of 
fluoride on the activities of these enzymes under ^ n vitro condi-
tions. No inhibition of these enzymes was observed over a wide 
range of sodium fluoride concentration (0-3 2 rrM) except in the 
case of BBAP which at 32 irM NaP showed a moderate inhibition of 
29% (Tabic 2.7). 
Effect of fluoride on the membrane permeability of epithelial 
cells of rat intestine 
Effect of four concentrations of sodium fluoride (12, 24, 
48 and 95 rrM) on the permeability and membrane damage of epithelial 
cell layer of intestines is shown in Tables 2.8 and 2.9, 
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respectively. Luminal fluid was analysed for proteins, sialic 
acid, nucleic acids and physiologically important ions such as 
+ + 2+ Na , K and Ca . Protein, sialic acid and nucleic acid contents 
showed a gradual increase in luminal fluid with increased fluoride 
concentrations. However, a significant increase in these contents 
was observed only above 12 mM NaP concentration. A concentration 
dependent fluoride effect was also observed on the mobilization of 
Na and ,.K ions across microvillus membrane, while Ca remained 
unaffected. Here also, the effect was found more pronounced abov^ 
12 mM NaF concentration. 
DISCUSSION 
In the present study, on oral administration of NaF to rats, 
a time dependent secretogogue effect was observed. Our finding 
under In vivo conditions is consistent with a recent finding that 
NaF caused a stimulation of H ion secretion in isolated mouse 
stomach (Assem and Wan, 1982). However, it has been reported 
earlier that NaF causes inhibition of gastric acid secretion 
(Bowie et al., 1953; Bond and Hung, 1956). Reed and Smy (1980) 
have also observed that fluoride exerts an inhibitory effect on 
histamine stimulated H ion output but they noticed that this 
effect of NaF was localized and reversible. 
The long term exposure of fluoride exerts a secretogogue 
effect which can be explained on the basis of recent concept of 
H ion secretion from gastric wall. It is almost an established 
fact that most of the secretogogues such as histamine. 
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chol-eratoxins and pentagastrin^ etc, exert their effect via 
involvement of cAMP (Kirriberg et al., 197i,; Domschke ^  a^., 1973; 
Schofield et a_l./ 1975; Bunce et a^., 1976 and Kirriberg et al.^ 
1979). The anti-secretory effect of various compounds such as 
PGE or histamine antagonists is also mediated by reducing the 
formation of cAMP either by inhibiting adenylate cyclase or acti-
vating phosphodiesterase activity (Main and Whittle^ 1979; Smith 
and Whittle^ 1981). Similarly, in our present experimental con-
ddtions, fluoride can also act to stimulate adenylate cyclase 
in gastric mucosa (Holland et a_l., 1980) and subsequent increase 
in cAMP causing a stimulation of H ion secretion, while biphasic 
effect of fluoride on adenylate cyclase activity (Martin et _al., 
1980) could be the reason for inhibitory effect of higher concen-
trations of NaF available 2^ er se in gastric mucosa on H ion secre-
tion, 
An alternate mechanism of regulation of H ion secretion 
by fluoride can also be suggested by its possible interaction with 
2+ Ca ions, which is well known regulatory sxibstance in gastric 
secretion (Kasbekar, 1974 and Hotz et a_l./ 1976). Main and 
Pearce (1978) demonstrated a large increase in spontaneous acid 
2+ 
output following reduction of the K:a in the rat stripped 
2+ 
gastric mucosa. Thus, it is likely that free Ca can be chela-
ted by fluoride in gastric mucosa which results in an increase in 
+ 2+ 
H ion output. The chelation of Ca may enhance the mobilization 
2+ 
of Ca into the gastric cells, which, in turn, exerts a secreto-
gogue effect via c AMP. Although our data at present is 
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insufficient to analyse the nature of fluoride action at receptor 
level of gastric cells, even then, our findings may lead to a 
suggestion that the interaction of fluoride with the adenylate 
2+ + 
cyclase and Ca in rat stomach causes stimulation of H ion 
output. Furthermore, fluoride transport across plasma membrane 
itself requires H ion: and cross the membrane as HF and not as 
free F~ (Armstrong and Singer, 1980 and Gutknech and Walter, 1981). 
This may also be the reason for the reduction in the H ion out-
put in isolated stomach or under in situ conditions where secreted 
H ions may be helping in the absorption of F~ ion. 
A possible mechanism of regulation of fluoride and H ion 
transport across gastric cell is postulated and illustrated diagra-
matically (Fig. 2.3). 
An increase in peptxc activity during fluoride exposure is 
reported earlier (Bowie et aJL., 1953), The zymogenic cells are 
known to supply pepsinogen to both blood (endocrine function) and 
gastric juice (exocrine function). An increase in peptic activity 
observed in the present experiment may be related to the increased 
output of this enzyme into gastric juice and activation of zymoge-
nic form to the active pepsin at low pH. 
Oral administration of single dose of fluoride seems to 
considerably alter the functional and chemical architecture of 
brush boader membranes, although the effect did not last for long. 
After six hours of oral dose, highly significant decrease was 
observe^n the activities of BBAP^ BBS and BBGT but, almost total 
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recovery of these enzyme activities could be seen within 48 hours. 
This quick recovery of enzyme activities may be"attributed to 
either high turnover rate of intestinal epithelial cells (Leblond 
etal-, 1948; Leblond and Messier, 1958 and Pelc and Howard, 1956) 
or to the rapid absorption and excretion rates of fluoride 
(Volker et a_l., 1941; Armstrong and Singer, 1960) which decreases 
the direct exposure time of intestinal epithelial cells to fluo-
ride. This was further proved by instilling different concentra-
tions of fluoride into the ligated intestines of anaesthetized 
rats. Here again, when comparable concentrations of fluoride, 
which would have entered the intestine under oral administration, 
were instilled into the intestine for 3 0 min., it resulted into, 
even greater inhibition rates of all the three enzymes. Thus, 
it becomes evident that the recovery of enzyme inhibition might 
had started even before 6 hours of oral administration and the 
inhibition noticed after 6 hours was not the maximum or instilla-
tion of fluoride into ligated intestinal loops made fluoride 
effect more localized and hence, produced more drastic effect. 
Moreover, under the same experimental conditions instillation of 
12 ITM NaF did not produce any significant change in the activities 
of these enzymes, indicating that changes in enzyme activities was 
a localized effect of very high concentration of fluoride. 
Fluoride is known to affect several membrane bound enzymes 
such as ATPases (Opit et a_l., 1966; Kirschner, 1964), adenylate 
cyclase (Rail and Sutherland, 1962; Schramm and Nairn, 1970), alka-
line phosphatase (Rickstniece et aj.., 1965 a; Griffith jet ^ . , 19»3a) 
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On some enzymes such as adenylate cyclase (Martin et al», 1980), 
human prostrate acid phosphatase (Reiner et aj../ 1955) and sugar 
phosphate phosphorylase (Brad and Ya-Pin Lee, 1982),.fluoride 
produces biphasic effect. But such possibilities were ruled out 
when under irt vitro conditions no change in the enzyme activities 
of BBS and BBGT were noticed over a wide range of NaF concentra-
tions (0-32 rrt4), although 32 ITM NaP did produce significant 
inhibition of BBAP activity, but extent of inhibition under in 
situ conditions was very high and furthermore, inhibition of 
alkaline phosphatase by fluoride as already reported (Prekstniere 
et al., 1965), is related to its interference with the metabolism 
++ ++ 
of Ca , Mg ions. 
Lack of fluoride effect on brush boader enzymes under 
in vitro conditions suggests that the extent of inhibition of 
these enzymes observed under xn situ and i^n vivo conditions may 
be either due to the decreased synthesis of enzymes, since fluo-
ride inhibits protein and DNA synthesis and the effect is concen-
tration dependent (Holland, 1979 a, 1979 b) or it ma^ be due to 
the damage caused by fluoride to the chemical architecture of 
brush boader membranes, resulting into increased release of mem-
brane bound proteins (enzymes) into l\iminal fluid. Since the 
former suggestion cannot account for the great variation in the 
rate of per cent inhibition of different enzymes (Table 2.6). The 
latter was studied by assaying luminal fluid for protein, sialic 
acid and nucleic acid contents and also for K , Na"^  and Ca ions 
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which could serve as markers of merribrane damage. Increased rele-
ase of proteins, sialic acid and nucleic acids in fluoride trea-
ted intestines, when compared with controls, suggests that fluo-
ride must be responsible for the structural perturbations in the 
microvillus membranes, resulting into aberrations of the diges-
tive capabilities of intestinal epithelial cells. Thus, the 
resulting loss of membrane bound proteins (enzymes) due to mem-
brane damage can account for the observed inhibition of these 
enzymes under _in vivo and in situ conditions and the difference 
in the extent of inhibition between different enzymes can be 
explained as has been reported by Tsao and Curthoys (1980) and 
Brasitus et ^ . (1979) that the catalytically important domains 
of the BBGT and BBS with other peptidases and hydrolases are 
predominantly located at the external surface of brush boader 
membranes, which can be purified by detergent extraction or by 
limited proteolysis with about 90-95% solubilization taking place 
within 20-^ 50 minutes with papain, while release of BBAP activity 
during the same period is almost negligible (Louvard et al,, 1975; 
Boedeker £t aj,., 1976; Macstracci, 1976). So the location of 
BBGT and BBS at the external surface of the microvillus membrane 
made them more liable to losg during membrane damage, due to fluo-
ride, than those situated deeper into membrane, like BBAP reported 
to be intimately associated with the hydrophobic core of the 
membrane (Brasitus et a_l., 1979). 
+ 
Fluoride is known to exert its inhibitory effect on the K 
uptake and Na extrusion by Hela cells (Wickson-Ginzburg and 
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Solomon^ 1963) and liver cells (Ouissel and Suttie, 1973). Our 
+ + 
results show increase in the levels of both K and Na in the 
luminal fluid with increase in fluoride concentration instilled, 
2+ 
while no effect was observed on Ca ions. Increased levels of 
Na and K were not due to increase in the osinolarity of the 
instilled solution since equal rrM NaCl was added to controls. 
Higher levels of K in the luminal fluid can be explained on the 
basis of already reported inhibitory effect of fluoride on its 
uptake, but the higher levels of Na may be due to increased 
+ + 
membrane damage, or due to inhibition of Na , K ATPase (Opit 
etal., 1966) or because of intestinal hypersecretion as was obser-
ved during the experiinent (Table 2.8). Intestinal hypersecretion 
due to fluoride can he related to that caused by choleratoxin 
(Holmgren et^ al., 1978) which activates adenylate cyclase and 
raises the intracellular level of cyclic AMP in the intestinal 
mucosa (Pierce et al.., 1971; Field, 1974), This leads, in an 
unknown way to increased secretion of electrolytes and water by 
the intestinal mucosa. Since fluoride is also known to activate 
adenylate cyclase and raise the intracellular levels of cAMP 
(Korman et al., 1982; Perkins, 1973;H^llandoet al.^1980;Martin etal^, 
1980), it might be the cause for the observed hyper-intestinal 
+ + 
secretion and disturbance in Na + K ion transport. Furthermore, 
it has been reported by Hyun and Kimmich (1982) that increased 
levels of cAMP caused by cholera toxin can inhibit Na influx into 
isolated enterocytes from chickens. 
The results presented in this Chapter are of considerable 
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interest in view of the fact that fluoridation of public water 
supplies to reduce the incidence of dental caries led to several 
episodes of acute poisoning (VJalbott/ 1963), mostly resulting into 
gastrointestinal tract disorders. The present results indicate 
that low/acute fluoride exposure may interfere in the digestive 
and absorptive functions of the gastrointestinal tract. 
CHAPTER I I I 
EXPERIMENTAL FLUORIDE TOXICITY: A COMPARATIVE STUDY ON 
LIPID PEROXIDATION AND VARIOUS KEY ENZYMES OP DIFFERENT 
TISSUES OF RAT 
I n t r o d u c t i o n . . . . » . 7 2 - 7 3 
M a t e r i a l s a n d M e t h o d s 7 3 - 8 0 
R e s u l t s 8 0 - 9 3 
D i s c u s s i o n 9 3 - 1 0 0 
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INTRODUCTION 
In endemic fluorosis in man and animals, due to chronic 
fluoride exposure, mottled teeth and osteosclerosis are well 
known changes. The fluoride is a regulatory element in calcium 
phosphate deposition in bones on account of its property to be 
bound and to form fluorapatite complex with Ca and Mg 
(Jenkins et a^., 1970 and Underwood, 1977). Fluoride at a level 
of 1 ppm in drinking water or in topical applications is known 
to be a safe and effective cariostatic agent (Caldwell and 
Thomas, 197 0), 
The superoxide anions (0~) either generated naturally or 
as a result of cellular electron transfer system or by xenobiotic 
attack on the polyunsaturated fatty acids of biological membra-
nes, initiates the process of lipid peroxidation. Lipid peroxi-
dation has been suspected to play an important role in wide 
variety of pathological and degradative conditions (Tappel, 1973; 
Slater, 1972; Plaa and Witscki, 1976). The pathological conse-
quences of lipid peroxidation may be associated with the 
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alterations of merribrane functions as has been observed in red 
cells (Pfeifer and McCay, 1971; Benedette et al., 1979), mito-
chondria (Hunter et _al., 1963), microsomes (Hogberg et aj.., 1973) 
and lysosomes (Chen and McCay, 1972). Many studies suggest that 
radiation hazards (Draganic and Draganic, 1971; Klug et ^ . , 1973; 
Inouye et ^ . , 1979) of influence of various environmental pollu-
tants (Mudd and Freeman, 1977) are closely related to lipid 
peroxidation. Various heavy metals and substances that interact 
with 0^ metabolism or membrane properties are supposed to inter-
fere with lipid peroxidation. 
So far, very little is known about gross effect of fluo-
ride ingestion by intact animals, its mode of action, optimal 
time-dose relationship, interaction with other elements and spe-
cific site of fluoride action. In order to delineate some of the 
metabolic alterations, which develop in response to fluoride 
exposure, the following Chapter presents a comparative effect of 
fluoride on phosphatases (acid and alkaline), glucose-6-phosphate 
dehydrogenase, monoamine oxidase acetylcholinesterase and 
tyrosinefamino-transferase under in vivo conditions and on lipid 
peroxidation under _in vivo and in vitro conditions, in different 
tissues of rat. 
MATERIALS AND METHODS 
CHEMICALS 
Tyros ine , c< . -ke tog lu ta ra te , py r idoxa l phosphate , NADP, 4 -
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amino-antipyrene, and 1,1,3,3-tetramethoxy propane (TMP) were 
purchased from Sigma Chemical Company, St. Louis, Mo, U.S.A. 
2-Thiobarbituric acid was purchased fi^ om E. Merck, Darmstadt, 
Germany. 5-5'-dithiobis (2-nitroben2oic acid) was obtained from 
Kochlight Combrook Bucks, England. Acetylcholine and disodium 
phenylphosphate were obtained from Loba-IndoAustranal Co., Bombay, 
India. Glucose-6-phosphate disodium salt was purchased from SISCO 
Research Laboratory Pvt. Ltd., Bombay, India, while benzylamine 
and hydroxylamine were supplied by BDH Division of Glaxo Company 
Ltd., Bombay (India). All other chemicals were of analytical 
grade and were obtained from reliable sources. 
ANIMALS AND TREATMENT 
(a) In vivo studies 
Rats were procured, maintained and orally fed with NaF/ 
NaCl in an identical manner as mentioned in previous chapter. 
Processing of tissues 
Six rats from each group were sacrificed after 7, 15, 3 0 
and 60 days of feeding. Animals were s\Jbjected to 12 hours of 
fasting before sacrifice. The animals were sacrificed by severing 
the carotid artery and blood was collected in heparinized (10-15 
lU/ml) tubes for preparation of l^C cells and in unheparinized 
tubes for the preparation of serum. After the death of the ani-
mals, liver, bradn and intestine (jejunum and ileum portions) 
were immediately removed and cleared free of blood and extraneous 
75 
materials. Intestines were washed with ice cold normal saline 
(0.9% NaCl)^ everted on a glass rod, and epithelial layer scrapped 
off with the help of fcreep as mentioned in previous chapter. 
Preparation of homoqenates 
Tissues were homogenized (Potter tlvehjem type homogenizer 
fitted with a teflon pestle) to give 10% (w/v) homogenates in ice 
cold 1.15% KCl or 0.25 H sucrose as required. Suitable dilutions 
of the homogenates were made for the estimation of enzyme -activi-
ties, lipid peroxidation and sulphydryl content. 
Isolation of mitochondria 
• .••••IWIW 1 1 1 ^ ! • • • • • • I 11 • M — l l l l llll *m >> l^ -P^I— — » • 
The isolation of mitochondria was carried out as described 
by Schneider (1968). The crude homogenates of brain and-^  intestine 
were centrifuged at 700 x g for 10 min. to remove the nuclear fra-c-
tion and cell debris. The resulting supernatant was sxjbjected to 
centrifugation at 11000 x g for 15 min. The pellet then obt&ined 
was suspended in 0.25 M sucrose and centrifuged again at 11000 x g 
for 15 min. The washed pellet containing mitochondria was resus-
pended in 0.2 5 M sucrose for enzyme assays. 
ENZYME ASSAYS 
Acid phosphatase (Orthophosphoric monoester phosphohydrolase, 
E.G. 3.1.3.2) 
Determination of enzyme activity was carried out as descri-
bed by Wooton (1964). The assay system consisted of 1.0 ml of 
0.1 M disodium phenyl phosphate, 1.0 ml of 0.2 M citrate buffer 
76 
(pH 4.9) and 0,1 ml Qf 1% (w/v) homogenates. After an incvibation 
period of one hour at 31'*C, the reaction was stopped with 1.0 ml 
of 0.5 N NaOH. The colour was developed by the addition of 1.0 ml 
of 0.5 M NaHCO followed by 1 ml of 0.03 M 4-aminoantipyrene and 
1.0 ml of 2.4% K-Fe(CN), to the reaction mixture. The reddish 
3 o 
brown colour developed, was read immediately at 510 nm. The acti-
vity was expressed as n moles of phenol liberated per min per mg 
protein. 
Alkaline phosphatase (Orthophosphoric monoester phospbohydrc 
lase, K.C. 3.1.3.1) 
The enzyme activity was determined as described by Wooton 
(1964). The assay system consisted of 1.0 ml of 0.01 M disodium 
phenyl phosphate and 1,0 ml of 0.4 M bicarbonate buffer (pH 10.0) 
and 0.05 ml of 1% (w/v) serum or 0.1 ml of 1% (w/v) intestine or 
0,2 ml of 1% (w/v) liver homogenate. The reaction mixture was 
incubated at 37°C for 15 minutes and the reaction was terminated 
by adding 0.8 ml of 0.5 N NaOH. The colour was developed by the 
addition of 1.2 ml of 0.5 M sodium bicarbonate, 1.0 ml of 0.03 M 
4-aminoantipyrene and 1.0 ml of 2.4% K^Pe(CN)g to the reaction 
mixture and read at 510 nm immediately. The activity was repor-
ted as n moles of phenol liberated per minute per mg protein. 
Monoamine oxidase (Monoamine: 0 oxidoreductase (deaminating) 
E.G. 1.4,3.4) 
The enzyme activity was determined as described by 
McEwan (1971). The assay system consisted of 1 ml of 0.2 M 
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phosphate buffer (pH 7.2), 0.7 ml H O and 0.2 ml of mitochondrial 
fraction of intestine or brain. To this was added 0.1 ml of 0.1 M 
benzylamine-HCl after preincxxbation for 5 minutes at 37°C. Reac-
tion was stopped by adding 1 ml of ICP/a PC/^ , after incubation for 
3 0 minutes at 37**C. Production of benzaldchyde was read at 250 nia. 
The activity was reported as n moles of benzaldehyde formed per 
—3 —1 —1 
minute per mg protein using Molar absorbition 12 x 10 M cm 
for benzaldehyde. 
Tyrosine aminotransferase (L-tyrosine:2-oxo-glutarate amino 
transferase, E.G. 2.6.1.5) 
Granner and Tomkin's (1970) method was followed for the 
estimation of this enzyme. The assay system consisted of 2.4 ml 
of buffered tyrosine solution (pH 7.6), 0.06 ml of 0.5 Mo6-keto-
glutarate^ 0.03 ml of 0.05 M pyridoxal phosphate and 0,2 ml of 1% 
(v/v) RBC or 0.2 ml of 1C% (w/v) intestine homogenate or 0.05 ml 
of 1C% (w/v) brain homogenate. Reaction was stopped by 0.21 ml 
of 10 N KOH after incxjbation for 15 minutes at 37''C. The O.D. was 
recorded at 331 nm against a zero hour blank. The activity was 
reported as n moles of p-hydroxybenzaldehyde formed per minute per 
mg protein. Molar absorbance of p-hydroxybenzaldehyde is 19900 
M ^ cm •^ . 
Acetylcholinesterase (Acetylcholine acetyl hydrolase, 
E.G. 3.1.1.7) 
The enzyme activity was determined as described by Hestrin 
(1949). The assay system consisted of 1 ml of 0.004 M buffered 
72^4^4^ 
,5_jJiS>*'-
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acetylcholine (pH 7.2) and 0.4 ml of IC/o (w/v) intestine 
homogenate or 0.2 ml of IC^ (w/v) brain homogenate or 0,2 ml of 1% 
(v/v) RBC. After incubating it for 15 minutes at 31*^0, 2 ml of 
alkaline hydroxylamine, 1 ml of cone. HZl and 1 ml of 0.37 M FcsCl^  
were added and O.D. recorded at 540 nm. Activity was reported as 
n moles of acetylcholine hydrolysed per minute per mg protein. 
GlucQse-6-phosphate dehydrogenase (D-glucose-6-phosphate NADP oxido-
reductase, E.G. 1.1.1,49) 
The enzyme estimation was carried out as described by 
Zaheer et a_l. (1965). The assay system consisted of 0.25 ml of 
0.1 M MgCl , 0.5 ml of 0.2 M tris-HCl buffer (pH 7.6)^ 0.05 ml of 
0.065 nM NADP^ 0.05 ml of 0.05 M glucose-6-phosphate disodium salt 
and 0.2 ml of 1% RBC or 0.1 ml of post-mitochondrial fraction of 
brain or intestine. The reaction was stopped after 15 min. incuba-
tion by a mixture of 0,1 ml sat. sodium sulphate and 0,9 ml of 95% 
ethanol. O.D. was taXen at 340 nm. The activity was reported in 
/u moles of NADPH formed per min. per mg protein. 
Measurement of lipid peroxidation 
Ten ml fraction from each homogenate was- placed in 25 ml 
Erlenmeyer flask and incubated at 37''C for 3 hours with continuous 
shaking (120 cycles/min). 0,5 ml aliquots were drawn at zero hr. 
and after 3 hours incubati on and malondialdehyde formation was 
determined according to the methods of Okhawa e_t _al. (1979). 1/1,-
3,3-tetramethoxypropane was used as external standard. The assay 
system consisted of 0.5 ml homogenate of intestine or liver or brain. 
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0.2 ml of 8.1% sodium deodecyl sulphate (SDS), 1.5 ml of 20% 
acetic acid (pH 3.5 adjusted with NaOH) and 1.5 ml of 0.8% 
2-'thiobarbituric acid. Total volume was made upto 4 ml with dis-
tilled water and mixture was heated in a boiling water bath for 
one hour. Disto water was added to each tube to make the final 
volume upto 5 ml. Tiibes were centrifuged and pink colour formed 
was read at 53 2 nm. 
Free sulphvdryl content 
Free sulfhydryl content was estimated as described by 
Sedlak and Lindsay (1968). The assay system consisted of 1 ml 
homogenate, 1 ml dist. H O add 2 ml of 1C% TCA. The precipitate 
was centrifuged at 700 x g for 10 minutes and to 2 ml supernatant. 
4 ml of 0.4 M tris-HCl buffer (pH 8.9) containing 0.02 M EDTA was 
added followed by the addition of 0,1 ml of 1 rrM DTNB. The O.D. 
was taken at 416 nm using glutathione as external standard. 
In vi-tro study on lipid peroxidation 
Rats of 15 0-2 00 gm average body weight were used through-
out the study. Homogenates of intestine {lOYo, w/v), liver (10%, 
w/v) and brain (1C%, w/v) were prepared as mentioned above. Mea-
surement of lipid peroxidation was also carried out as mentioned 
above, but here except the control flasks, rest were treated with 
different concentrations of sodium fluoride and aliquots were 
drav/n after 0, 1, 2 and 3 hqurs of incubation at 37°C. 
The effect of fluoride on MDA formation by fresh and 
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heated homogenates of intestine, liver and brain was studied as 
follows: 
The homogenates were heated in a water bath for ten minu-
tes and after cooling these were rehomogenized to get a homoge-
nous preparation (Sharma and Krishna Murti, 1976). The MDA for-
mation in F" treated and control treated homogenate was compared. 
RESULTS 
Effect of fluoride acMinistration on enzymes 
A highly significant increase (more than 10C%) in the 
activity of glucose-6-phosphate dehydrogenase was observed in 
intestine, brain and red blood cells after 3 0 and 60 days exposure 
to fluoride in rats (Pig. 3,1). 
No change in the activity of monoamine oxidase was obser— 
ved in intestine and brain even after 60 days of exposure to 
fluoride (Fig. 3.2). In the case of acetylcholinesterase, no 
significant change was observed in brain and intestine while in 
red blood cells a marked increase in the activity (55%) was obser-
ved (Pig. 3.3). 
Overall, fluoride had an inhibitory effect on tyrosine 
amino-transferase activity (Pig. 3.4). The extent of inhibition 
was non-significant in the case of intestine and brain, but sig-
nificant in the case of red blood cells (66%) after 60 days 
exposure. 
A fluctuating response to fluoride exposure by both 
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Fig. 3.2 In vivo effect of fluoride (25 mg WaP/kg body weight/ 
day) on the activity of acetylcholine esterase in 
intestine, brain and RBC (S.E. = + of six rats). 
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Fig. 3.3 In vivo effect .of fluoride (25 mg NaP/kg body wt./day) 
on the activity of tyrosine aminotransferase in intes-
tine, brain and UBC of rats (S.E. = + of six rats). 
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Pig. 3.4 _In vivo effect of fluoride (25 mg NaF/kg body wt/day) 
on the activity of monoamine oxidase in intestine and 
brain of rats (S.E. = + of six rats). 
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alkaline phosphatase and acid phosphatase was observed. Rats 
sacrificed after 7, 15, 30 and 60 days showed a constant eleva-
tion in acid phosphatase in liver and serum, which did not exceed 
20yo, In the case of intestine, after 7 days exposure, a 24% 
decrease in acid phosphatase activity was observed. However, in 
subsequent sacrifices recovery of acid phosphatase activity 
followed by activation upto 55% was observed (Table 3.1). 
In the case of alkaline phosphatase, a slight decrease 
in the activity was observed in liver and intestine after 7 days 
exposure to fluoride. Thereafter, recovery of activity and, 
finally, a significant activation 72% and 53% was observed in 
liver and intestine, respectively, after 60 days exposure to 
fluoride. In the case of serum, an increasing trend in the acti-
vity was observed from the beginning (7 days post-fluoride expo-
sure) and maximum activation (84%) was seen after 60 days expo-
sure (Table 3.2). Overall, fluoride exposure had an initial 
inhibitory effect on the phosphatase activity of liver and intes-
tine followed by a significant increase after relatively long 
term exposure. But in the case of serum, a constant increase in 
the activity was observed. A non-significant decreasing trend 
in the protein content was also observed with recovery afterwards 
(Table 3.3). 
Effect of fluoride on lipid peroxidation 
Observed effects of fluoride on lipid peroxidation vary 
in intestine, liver, and brain of rat$ under in vitro conditions. 
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Intestine, liver and brain homogenates were treated with diffe-
rent concentrations of NaP (1-300 rrM) and malondialdehyde (MDA) 
formation was measured at zero hour and after three hour incuba-
tion at 3 7°C in shaking water bath. The per cent inhibition/ 
activation per three hours was calculated and plotted against 
different fluoride concentration as shown in Fig. 3.5. Signifi-
cant inhibition of lipid peroxidation in intestine and liver was 
noticed at 10 irM NaF and further increase in NaF concentration 
resulted into spontaneous decrease in MD/^  formation. In intes-
tine, 98% inhibition was observed at 3 00 rrM NaF while at the same 
concentration of NaF, liver showed only 65% inhibition. In 
brain, fluoride exerted a biphasic effect. From 10 to 100 mM 
NaF concentrations, a significant induction (upto 25%) in lipid 
peroxidation was observed while, further increase in fluoride 
concentration resulted into inhibition of lipid peroxidation with 
7C% inhibition at 3 00 rrM NaF concentration. 
The effect of 100 rrM NaF on lipid peroxidation in fresh 
and heated horriogenates of intestine and liver is shown in Figs. 
3.6 and 3.7. A similar pattern of fluoride effect was observed 
in both the cases, i.e. inhibition of lipid peroxidation in fresh 
homogenates and no effect on the heated homogenates. Figs. 3.8 
and 3.9 shov/ the effect of 100 rrM NaF (which induces lipid peroxi-
dation in brain) and 200 rrM NaF (which inhibits lipid peroxida-
tion in brain) on fresh and heated homogenates of brain, respec-
tively. At lower concentration, fluoride did not effect MDA 
formation in both cases, while athigher concentration observed 
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effect was same as seen in the case of intestine and liver. 
Oral administration of sodium fluoride to the rats for 
a period of 60 days produced significant decrease in the forma-
tion of lipid peroxides in the intestine, while no effect was 
observed in liver and brain (Fig. 3.10). A significant change in 
the free sulfhydryl content of intestine was also observed while 
liver and brain showed no effect (Tablte 3,4). 
DISCUSSION 
Fluoride given to mammals is mostly concentrated in two 
organs, the kidney for excretion and mineralized tissue, where it 
is bound in the mineral phase (Roman et ^ . , 1977 and Aasenden, 
1974). Cells in vivo seem, thus, to be exposed to markedly diffe-
rent concentrations of fluoride. Cytotoxic effects of fluoride to 
cells In vivo, causing growth inhibition and cell death, has been 
observed (Hongslo _et aj.., 1974). The mechanism of this effect is 
probably not mediated through cyclic AMP, but due to inhibition 
of cellular protein and DNA synthesis (Holland et ajL., 1979). It 
is possible that the effect on protein synthesis is the primary 
target and that DNA synthesis decreases as a result of the reduced 
protein synthesis (Mankovitx et aj.., 1978; Kathapalia and Susheela, 
1978; Holland, 1979 and Holland, 1980). However, by long time 
treatment with slowly increasing concentration of fluoride, resis-
tant cells may be developed which are able to grow at fluoride 
concentrations several times that which is lethal to sensitive 
cells (Hongslo _et jl., 1980; Holland and Hongslo^ 1978; Hongslo 
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Table 3.4 
In vivo effect of fluoride on the free sulphydryl content of 
intestine, liver and brain 
Name of the Days _ Free sulph^dr^l_content* % 
tissue ~~ ~Z I~T~ ~^'"r""IT change 
Experimental Control ^ 
I n t e s t i n e 
L i v e r 
B r a i n 
3 0 
6 0 
3 0 
6 0 
3 0 
6 0 
1 5 3 . 5 + 4 3 . 5 
1 3 7 . 5 + 2 5 . 7 
321.72:23.5 
3 0 1 . 5 + 3 1 . 7 
4 6 1 . 6 + 4 0 . 2 
3 9 6 . 6 + 1 6 . 4 
1 1 3 . 3 + 2 0 . 8 
9 3 . 3 + 1 2 . 6 
3 2 7 . 1 + 3 1 . 2 
2 8 9 . 5 + 2 7 . 7 
4 4 3 . 3 + 2 0 . 8 
4 3 8 . 3 + 1 1 . 2 
35 
47 
N . S 
N . S 
N . S 
N . S 
'/ugm of free SH/gm wet tissue 
N.S. -. Not significant 
Values are means of six observations 
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et al., 1980). The biochemical lesions induced in sensitive 
cells 3t low fluoride concentrations has not been fully developed. 
Many cellular metabolic processes affected by fluoride ion are 
probably mediated through the activation of adenylate cyclase 
which results into elevated level of cyclic AMP (Holland^ a 1., 
1980 and Martin et B^., 1980). 
No overall generalization concerning the effect of 
fluoride on enzymic activity can be made except in the case of 
glucose-6-phosphate dehydrogenase, which showed a significant 
increase in the activity, in all these tissues studied. Fluoride 
being a potent inhibitor of enolase, a glycolytic enzyme (Warburg 
and Christian, 1942; Maurer, 1981. and Nowak, 1981) and enzymes of 
the tri-carboxylic acid cycle such as succinate dehydrogenase and 
isocitrate dehydrogenase (Slater and Bonner, 1952; Doberenz eX, al., 
1964 
/and Cimasoni, 1970) reduces glucose utilization through these 
pathways. In addition, fluoride has also been reported to stimu-
late glucose-6-phosphate activity (Suketa et ^ . z 1980), thereby 
further increasing cellular glucose level in the cells, as has 
been also reported by Shearer and Suttie (1970). Thus, the rea-
son for the stimulation of glucose-6-phosphate dehydrogenase 
activity in fluoride exposed tissues may be an increased cellular 
glucose level which at higher levels triggers its xnetabolic flow 
through the direct oxidation pathway, i.e. hexose monophosphate 
shunt. 
Poor response of monoamine oxidase, tyrosine .amino-
97 
transferase and acetylcholinesterase in tissues to fluoride 
exposure indicates no specific effect of fluoride on either 
amine metabolism or at the level of neurotransmitters. The trend 
towards decrease in tyrosine aminotransferase activity may sugg-
est an interference of fluoride with the metabolism of phenyl 
alanine and tyrosine (Pandit _et JQ,., 1940). The decrease in the 
activity of acetylcholinesterase in red blood cells may be due to 
changes in membrane integrity or alteration of the active site of 
the enzyme per se. Fluoride inhibition of acetylcholinesterase 
has been reported previously (Harris and Whittakar, 1961 and 1963) 
++ Interference of fluoride in the metabolism of Ca and 
++ 
Mg ions and enzymes dependent on these metal ions has been 
reported (Riekstiniece et aj.., 1965 and -'Suketa, 1980), In the 
case of phosphoatases, report of fluoride activation as well as 
inhibition have been published (Griffith ^  aJ,., 1963 a, 1963 b 
and Rickstniece _et JLi-' 1965) . In the present study/ fluctuating 
behaviour of phosphatases was observed. Early, in the course of 
fluoride exposure, inhibition of activity was observed, perhaps 
due to reduced protein synthesis. An alternate mechanism of 
inhibition may be chelation of Ca and Mg ions required for 
activity of the enzymes. Recovery of activity and then activation 
may be due to development of fluoride reai^tant cells oc to inc-
reased mobilization of enzyme or enzyme activation in the target 
tissues. Phosphatase turnover may be reduced (i.e. half life may 
be increased) by fluoride inhibition of catabolism- The overall 
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response of the animals to the fluoride show an alteration in the 
general metabolic equilibrium followed by adaptability to maintain 
homeostatic conditions. 
Sodium fluoride produced a concentration dependent inhibi-
tion of lipid peroxidation in liver and intestine of rats under 
in vitro conditions, while under the same experimental conditions, 
both activation at lower concentration and inhibition at higher 
concentration of NaP was observed in the case of brain. In addi-
tion, oral administration of fluoride produced a significant 
inhibition in the intestine after 30 and 60 days, while no effect 
was observed in brain and liver. The inhibitory effect of fluoride 
was lost on heating homogenate to lOO'C while stimulatory effect 
of fluoride in brain remained unaffected. This indicates that the 
inhibitory effect of fluorioe required some active involvement of 
enzymes or proteins which were denatured on heating and the stimu-
latory effect in the case of brain seems to be non-enzymatic in 
nature. 
Fluoride has been reported to induce superoxide anion 
(0 ) -production in polymorphonuclear leukocytes of different 
origin (Sbarra and Karnovsky, 1959; Selvaraj and Sbarra, 1966). 
Curnutte et ^ . (1979) have shown that fluoride can induce 0~ pro-
duction in human polymorphonuclear leukocytes and that for maximal 
or production, the presence of extracellular calcium was required. 
Elferink (1981) observed that fluoride appears to have two effects 
on the 0~ production in polymorphonuclear leukocytes: a stimulatory 
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effect at lower concentrations of fluoride and an inhibitory 
effect at higher concentrations. Maximum concentration of sodium 
fluoride used was 20 rrM. The inhibitory effect of fluoride was 
associated with the inhibition of glycolysis, since glycolysis is 
a source of energy necessary for o" production, So^ the inhibi-
tory effect observed, inthe present study may be due to decrease in 
the production of o" caused by high concentration of F~, necessary 
for the peroxidation of unsaturated fatty acids. It is also quite 
likely that fluoride as a result of its property of chelating 
various metal ions (Venkateswarlu, 1970) could influence in this 
process. Lipid peroxidation reaction catalysed by ascorbic acid 
and iron and presumed to be non-enzymatic has been well recognised 
(Ottolenghi, 1959; Thiele and Huff, I960; and Sharma, 1977 a). 
Membrane bound enzymes such as NADPH cytochrome P-45 0 reductase 
which catalyse the transfer of reducing equivalents from co-factor 
NADPH (Pederson et ail., 1973 and Lyakhovich et al., 1976) causing 
lipid peroxidation, are also dependent on iron ((Payor and McCay, 
1971). So chelation of iron by fluoride could be the reason for 
observed inhibition of lipid peroxidation. Similarly, EDT>i is 
reported (Utley et aJL., 1967) to inhibit lipid peroxidation by 
not only chelating ferrous ions but also by direct interaction 
with peroxidized intermediates, since it interferes in the forma-
tion of thiobarbituric acid reactive substances. 
Other reason for inhibition of lipid peroxidation by 
fluoride could be due to stimulation of reducing capability of 
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cells by increasing free sulfhydryl content which protect the 
menbrane from oxidative attack of oxygen free radicals under 
natural conditions (Utley et a^^., 1967; Bus et _3l., 1976). This 
condition was observed during oral administration of fluoride in 
rat intestine where along with inhibition of lipid peroxidation 
increased free sulfhydryl content was also noticed. While under 
the same experimental condition/ liver^and brain did not show 
any change in lipid peroxidation and sulfhydryl content. The 
reason for absence of effect on lipid peroxidation in liver and 
brain could be the lesser concentrations of fluoride reaching/ 
accumulating in these organs while intestines were directly 
exposed to the daily oral administration of fluoride. 
The results embodied in this chapter are of considerable 
interest in view of the fact that overall response of the animals 
to oral administration of relatively large concentration of fluo-
ride for relatively longer periods show an alternation in the 
general metabolic equilibrium followed by adaptability to main-
tain homeostatic condition. Furthermore, inhibition of lipid 
peroxidation can be considered as a favourable effect of fluoride. 
CHAPTER IV 
DETAILED STUDIES ON THE UPTAKE OF NUTRIENTS BY ISOLATED 
EPITHELIAL CELLS FROM RrtT INTESTINE: CONTROL EXPERIMENTS 
AND EFFECT OF FLUORIDE 
I n t r o d u c t i o n , , . , 1 0 1 - 1 0 3 
M a t e r i a l s a n d M e t h o d s 1 0 3 - 1 1 3 
R e s u l t s 1 1 3 - 1 C 3 
D i s c u s s i o n 1 6 4 - 1 7 3 
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INTRODUCTION 
Fluoride has been used for many years as an experimental 
tool in studying both permeability and ion transport. Wilbrandt 
(1940) showed that high concentration of fluoride (20-40 ITM) cause 
human erythrocytes to shrink and become resistant to to osmotic 
haemolysis due to rapid loss of K from the cells, Maizels (1951), 
elaborating earlier work by Harris (1941) and Danowski (1941), 
showed that active Na extrusion and K accumulation were inhibi-
ted by fluoride in low concentrations (2-10 rrM) . In Maizels's work 
only slow leakage of K occurred due to inhibition of active 
uptake with efflux unchanged. Erribden and Hayman (1924) and war-
burg and Christian (1942) showed that fluoride inhibits glycolysis. 
Maizels (1954) assumed that fluoride depleted the cells of ATP by 
preventing its glycolytic synthesis. Thus, it was summarised that 
ion transport stopped as a consequence of disappearance of ATP. 
Eckel (1958) supported this, showing that cells treated with 4 itW 
NOP had a negligible ATP content at the end of two hours of 
incubation. Burn (1962) studied the disappearance of ATP in 
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fluoride treated human RBC's under well-controlled condition and 
his results were in conformity with those of Eckel. But, in 
Swine RBC^ ATP content was found slightly changed by Kirschner 
(1964) while Na extrusion was found inhibited. His data sugges-
, -I. 
ted that the inhibition of Na extrusion is the result of failure 
of ATPase enzyme rather than decreasein ATP production. 
Inhibition of lipid absorption by 3 mM fluoride was obser-
ved in rats, while same concentration did not inhibit glucose 
absorption (Polokoff and Suttie, 1981). Effect of different 
xenobiotics and factors on the absorption of nutrients by animal 
intestines has been studied (for reviews, see Crane, 196 0; 
Wilbrandt and Rosenberg, 1961; Schultz & Gurran, 1970). In this 
regard, it is somewhat sturprising that most of these studies have 
been performed with systems which yield rather indirect information 
about the transfer step in which metabolite moves from a compart-
ment of low concentration to one with high concentration, i.e. 
movement across the plasma membrane barrier of the epithelial 
cell. Instead, transport is normally evaluated in tissue prepa-
rations with multiple cell types in which metabolite accumulation 
is a composite of active transfer and subsequent diffusion to 
underlying cell layers (VJilson and Wiseman, 1954; Fisher and 
Crane 
Parsons, 1949; Crane and Wilson, 1958/and Mandelstain, 1960). 
Different types of transport processes cause considerable ambi-
guity in enterpreting the nature of the active transport. In 
addition, intracellular volume of only the epithelial cell popu-
lation is impossible to accurately determine in intact tissue 
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preparations, ^^ s a result, intracellular metabolite concentra-
tions and concentration gradients established by the epithelial 
cells are frequently poorly estimated. 
Because of these limitations, an alternate system for more 
direct evaluation of the transport mechanism is desirable. One 
logical approach is through the use of isolated epithelial cell 
preparations which could be handled as homogenous suspension. The 
following chapter prestints a detailed and comparative effect of 
fluoride on the uptake of nutrients by the intestine under jjj situ 
conditions and by isolated intestinal epithelial cells of rat 
under _in vitro conditions. 
MATERIALS AMP METHODS 
Chemicals 
D-glucose 1-0-14, DL-Leucine-1-C-14 and L-proline C-14(U) 
were supplied by Bhabha Atomic Research Centre, Bombay (India). 
Hyamine hydroxide, dithiothretol, pholoridzin, ouabain,2,4-dini-
trophenol, alizarin complexone and L-leucyl- /S-napthylamide were 
purchased from Sigma Chemical Company^ St. Louis, Mo, U.S.A. 
Cerous nitrate and trimethylcholorosilane were obtained from 
Fluka AG, Buchs SG, Switzerland. POPOP (2-2'-p-phenylen bis 
(5-phenyloxazol) was obtained from E. Merk, Darmstadt, Germany, 
while PPG (2,5-diphenyl oxazole) and -adenosine triphosphate 
were supplied by SISCO Research Laboratories Pvt. Ltd., Bombay and 
Patel Chest Institute, New Delhi (India), respectively. 
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p-Hydroxybiphenyl, N-1-napthyl ethylenediamine dihydrochloride 
and /S-nap-thylamine were purchased from BDH Chemical Ltd.^ England. 
All other chemicals used during this study are either mentioned in 
previous chapters or were of analytical grade. 
Transport studies under in situ conditions 
Male albino rats of 200-25 0 g average body weight from 
previously mentioned source were used throughout the studies. The 
animals were kept fasted overnight with water ^ libitxim. Under 
ether anaesthesia abdomen was opened by a midline incision. The 
intestine was washed as mentioned in Ilnd Chapter. After proper 
washing of intestine, starting from the duodeno jejunal junction, 
four loops of average 6 + 0.5 cm were prepared with a space of 
1 cm left vacant between the two adjacent loops. Blood supply was 
kept intact. From the proximal end of each loop was injected 1 
ml of test solutions with or without fluoride, alternately. Thus, 
controls and fluoride treated loops were prepared in the same rat. 
The solutions were injected with the help of a blunt tipped needle 
to prevent any tissue injury. Controls received equal concentra-
tions of NaCl instead of NaF. In order to account for the fluoride 
reaching control loops in the above case through blood supply, 
control and fluoride treatedloops (15 cm + 1 cm) in length were 
prepared in separate animals of almost same body weight and trea-
ted in similar fashion as mentioned above except that instead of 
1 ml, 3,0 ml test solution were injected. 
The intestine was left Jji situ and abdomen kept closed. 
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Proper breathing of the animals was kept under watch throughout 
the experiment. The loops were removed after desired intervals of 
time, gently blotted on filter paper and contents drained into 
graduated tubes. The loops were washed through with 2 ml of dis-
tilled water and blotted once more between filter papers, applying 
slight pressure and wet weight was recorded. 
Luminal contents were made upto 5 ml total volume inclu-
ding the addition of 0.5 ml 50% TCH. Added TCA effectively preser-
ved the glucose and leucine in the samples. After centrifugation, 
the supernatant was assayed for fluoride, glucose and leucine. 
Fluoride 
Fluoride in the luminal contents was determined as described 
and West 
by Bellcher/(l96l), The assay system consisted of 0.5 ml of 
supernatant (original diluted 100 times), 0.2 ml of dist. water 
and 2.0 ml of freshly prepared buffered alizarin cerous nitrate 
solution (0.4 ml of 0.5 mM alizarin complexone, .OB ml of 1 M 
acetate buffer pH 4.3, Cl,4 ml of 0.5 iiM cerous nitrate, 0.32 ml 
of dist. water and 0.8 ml acetone). After proper shaking, tubes 
were allowed to stand for one hour at room temperature and O.v. 
was recorded at 625 nm. NaF -.was used as external standard. 
Glucose 
Glucose wasestimated in the luminal fluid as described by 
Duhlquist (1964). The assay system consisted of 0.1 ml of luminal 
fluid, 0.9 ml dist. water and 1,0 ml of peroxidase-glucose oxi-
in 
dase reagent ilCPA glucose oxidase/0.5 M sodium phosphate buffer. 
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pH 6.0 containing'0.1 ml of 1% O-dianisidine, prepared in 95% 
ethanol, and 0.1 ml of 0.1% peroxidase). Tubes were incubated at 
37°C for 15 minutes and reaction was stopped by adding 1 ml of 
5C% H^SO . Purple colour was read at 530 nm. 
Leucine 
One ml of 50 ITM leucine solution injected into the loops 
was labelled with 2.5 AiCi of C-leucine. Radioactive determina-
tion was carried out by placing 0.1 ml of luminal fluid into 
glass vial containing toluene and 2-methoxy ethanol based scinti-
llation fluid (0.4% PPO and 0.02% POPOP). Bottles were shaked 
and placed in scintillation counter (LKB Wallac 1215 Rackbeta II 
liquid scintillation counter) for counting. 
Effect of fluoride on crude mucosal ATPase activities 
The loops prepared and treated as mentioned above were 
removed after desired time intervals and drained of their con-
tents. Their mucosal tissue was gently scraped, with a forcep- -
as mentioned in Ilnd Chapter and homogenized (Potter Elvehjem 
type homogenizer fitted with a teflon pestle) to give 10% (w/v) 
homogenate in 38 irM Tris HCl (pH 6.8) containing 0.25 M sucrose 
and 2 irM EDTA. To study the mucosal ATPase activities in isola-
ted cells, they were also homogenized after incubation in the 
same buffer. 
Na''"-K'*'-ATPase and Mg -ATPase activities were estimated as 
described by McNamara and Sulakha (1974). The assay system 
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consisted of 0,1 ml of 50 nW Tris HCl (pH 7.5), 0.1 ml of 3 rrW 
MgCl , 0.1 ml of 100 nM NaCl and 0.1 ml of 10 rrM KCl and 0.2 ml 
of homogenate. Total volume was made upto 0.7 ml with dist. water. 
The reaction mixture was preincubated at 37°C for 5 minutes. 
Reaction was started by adding 0.1 ml of 3 mM ATP (as substrate) 
and further incubated for 3 0 min. at 37'C in shaking water bath. 
The reaction was stopped by adding 1.0 ml of ice cold 1C% TCA. 
Samples were then centrifuged to remove precipitated protein and 
inorganic phosphate was determined. Correction was made for 
spontaneous non-enzymic breakdown of ATP, measured as inorganic 
2+ phosphate. Mg ATPase activity was assayed an the presence of 
+ + 1 rrM ouabain and Na -K -j^ TPase activity was calculated as the 
2-f 
difference between total ATPase and Mg aTPase activities. 
Inorganic phosphate was estimated as described by Fiske and 
Subbarow (1925). The assay system consisted of 0.2 ml supernatant 
and 1.0 ml of ammonium molybdate (2.5% in 5 N H SO ). Total 
volume was made upto 9.5 ml with demineralized water and finally 
0.4 ml 0.25% MNSA reagent was added. 0,D. was recorded at 660 nm. 
ATPase activities were expressed as u^ moles of inorganic phos-
phate liberated/mg protein/hour. All determinations were perfor-
med in triplicate. 
Transport studies under in vitro conditions 
Male albino rats of 2 00-25 0 g average body weight were used 
for all cell preparations. 
Preparation of epithelial cell suspension 
Epithelial cells were prepared from the rat small intestine 
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by the method of Weiser (1973) and as slightly modified by Panini 
et al. (1979). The rats were sacrificed by decapitation, the 
abdominal cavity was opened and the jejunal and ileal portion of 
small intestine removed as quickly as possible, by carefully 
cutting the supporting mesentry. The excised intestine was care-
fully trimmed of adhering tissue and the luminal contents flushed 
out with 50 ml of 0.154 M NaCl containing 1 n*4 dithiothretol. One 
end of the washed intestine was closed by artry forcep while from 
the other end it was filled with solution 'h' (1,5 rrM KCl, 96 mM 
NaCl, 27 irM sodium citrate, 8 TCH KH^PO and 5*6 irM Na HPO , pH 
7.4). The filled intestine was incubated in 250 ml Erlenmyer 
flask containing same solution 'A' at 37**C for 15 minutes. After 
15 minutes of incubation, the intestine was drained off its con-
tents and again filled, this time with solution 'B' (2.7 rrM KCl, 
137 rrM NaCl, 1.5 rrM KH PO , 4.3 ITM Na HPO 1.5 mt^i EETA and 0.5 rrM 
dithiothrelol pH 7.4). After incubating it at 37°C for 5 minutes, 
the contents were drained into 50 ml polyethylene centrifuge tubes. 
The intestine was again filled with solution 'B' and this process 
was repeated several times till desired amount of cell suspension 
was collected. During all incubations at 37°C, oxygen was conti-
nuously passed through the incubation mixture with the help of 
aerator. Cell suspension was then poured through nylon stocking 
material to remove intact intestinal tissue and further disperse 
the coll population. The cell suspension was now centrifuged at 
100 X g for two minutes to sediment the intact cells. After 
draining the supernatant, the pellet was rususpended in solution 
109 
•C (19 rrW KH PO 76 irM Na HPO 200 rttd Mannitol or 200 ITM suc-
rose pH 7.4). After dispersing the pellet by spatula it was 
again centrifuged at 100 x g for two minutes. The washing proce-
dure was repeated once again and the final cell pellet obtained 
was resuspended in desired volume of solution ' C . The suspension 
was ready for experimental use. Before the start of cell isola-
tion experiment, all the solutions were brought to 37'>C. Conti-
nual agitation of suspensions was avoided as this was found to 
cause considerable cell damage. If cells were left without agi-
tation they tended to clump together into large masses, but clum-
ped cells could easily be dispersed before removing a sample by 
gently shaking the container. 
Cell viability, which was always found 85% to 9C%, was 
estimated by determining the fraction of the population able to 
exclude 0.5% trypan blue (Girardi ^ al., 19 56) photomicrographs 
were jnade using Leitz-Vario-Orthomat type microscope. 
TRANSPORT AND ^4ETAB0LIC ACTIVITY 
(a) Acciomulation of sugars and amino acids 
Accumulation of sugars and amino acids by the isolated cells 
was determined as described by Kimmich (1970). One ml of cell 
suspension was added to 3.0 ml of medium containing labelled subs-
trate at the appropriate concentrations in 25.0 ml silconized bea-
kers. At intervals, 2 00 yul samples were drawn with the aid of a 
micropipet and released on the surface of a millipore glass 
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filter (Whatman millipore glass filters GF/c) fitted in Millipore 
filtration assembly (sampling manifold ^ Jillipore, U.S./i.) under 
negative pressure. The cell pellet retained by the filter was 
washed with 10.0 ml of ice cold isotonic saline to remove radio-
activity adhering to cell surfaces. The initial filteration was 
completed within 10 seconds and the entire process including the 
wash could be completed in less than 2 0 seconds. Incubation tem-
perature was 3T'C, and shaking at 100 cycles/min. was required in 
order to maintain adequate oxygenation and uniform suspension for 
sampling. The filters were placed in an oven at 65°C for 10-15 
minutes untill completely dried and then dropped directly into 
toluene and 2-methoxy ethanol based scintillation fluid and counted 
for radioactivity in LKB Wallac 1215 RacMjela II liquid scintilla-
tion counter. 
Carbon dioxide production 
Measurement of CO production from labelled substrate was 
peroformed by method similar to those used with isolated mitochon-
dria (Kimmich and Rasmussen, 1969) and cell suspension (Kimmich> 
1970). The assay was carried out by adding 1.0 ml cell suspension 
to 2.0 ml of the standard incubation media containing 2 mH suJos-
trate and 0.1 ^Ci of the corresponding ( C) siobstrate in a 
silconized 25 ml Erlenmyer flask containing a central well and 
a side arm. A filter paper strip soaked with 0.2 ml of 1 M Hyamine 
hydroxide was placed in the central well. The flask was made air-
tight and then incubated at 37°C with gentle shaking (100 cycles/ 
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min) in a thermostated water bath. After desired inctibation 
interval, 0.2 ml of 2 N H SO , already placed in the side arm, 
was dropped into the flask to stop metabolic activity and the 
vessels were shaken for an additional hour to allow time for 
complete diffusion of liberated CO to the Hyamine. After this 
time, the Hyamine soaked filter paper strip was removed from each 
flask, dropped directly into toluene and 2-methoxy ethanol based 
POPOP-PPO scintillation fluid and counted for radioactivity. 
Glycolytic activity 
Glycolytic activity was assessed by measuring lactate forma-
tion from glucose as described by Kimmich (1970). One ml of cells 
were incubated in 3.0 ml of standard incubation medium (76 m^ i 
Na^HPO , 19 mM KH_PO + 200 nM Mannitol, pH 7.4).supplemented 
with 5 nM glucose in 5 0 ml siIconized beakers. Temperature was 
maintained at 37°C and the vessels were shaken at 100 cycles/min. 
After the incubation interval, the beaker contents were poured into 
centrifuge tubes containing 1.0 ml of ice cold 25% TCA to stop 
metabolic activity. The protein was sedimented by centrifugation 
and lactic acid was determined on an aliquot of the supernatant 
by the method of Barker and Summerson (1941). The assay was 
carried out by adding 0.5 ml of 20% CuSO , 1.0 ml of dist. water 
and 0.5 gm of Ca(0H)2 to 1 ml of supernatant. The mixtijure was 
vigorously shaked and kept at room temperatxire for 3 0 minutes. 
After centrifugation, to 0.5 ml of supernatant was added 0.5 ml 
of 4% CuSO^ and 0.5 ml of dist. water. The tubes were chilled in 
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ice bath and 6.0 ml of cone. H^SO^ was added. After proper 
shaking, tubes were kept in boiling water bath for five minutes 
and then immediately cooled to ICC. This was followed by the 
addition of 0.1 ml of p-hydroxydiphenyle. The tubes were allowed 
to stand at room temperature for 30 minutes and then kept in boi-
ling water bath for two minutes. Violet colour developed was 
read at 56 0 nm against cone. H^SO as blank. 
ENZYNiE ASSAYS 
The activity of glucose-6-phosphate dehydrogenase was 
determined as described in Chapter III, while activities of 
succinate dehydrogenase, ^  -glutamyl transpeptidase and alkaline 
phosphatase were determined as described in Chapter II. 
Leucine aminopeptidase ( -^-aminopeptide aminoacidohydrolase, 
b.C. 3.4.1.1) 
Leucine aminopeptidase activity was determined as descri-
bed by Porteous and Clark (1965). The assay system consisted of 
0.5 ml of 0.2 M phosphate buffer (pH 7.), 0.75 ml of 1.37 rrM L-
leucyl-ys-naphthylamide and 0.1 ml of enzyme. The volume was made 
upto 3.0 ml, and incubation was carried out at 37°C for one hour. 
The reaction was stopped by adding 1.0 ml of ice cold 20% TCA. 
The contents were centrifuged and 1.0 ml supernatant was taken,. 
to which was added 1.0 ml of 0.1% sodium nitrite. The txjbes were 
vigorously shaken and after exactly 3 min., 1.0 ml of 0.5% 
ammonium sulphamate was added. Tubes were again shaken and after 
exactly 2 min., 2.0 ml of 0.5% N (1-napthyl) ethylenediamine-2HCi 
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were added- The colour developed was read at 580 nm./3-napthyla-
mine was used as external standard. 
RESULTS 
Control experiments:. General characteristics of isolated intes-
tinal epithelial cells 
The initial objective was to determine structural and meta-
bolic integrity of the isolated epithelial cells. This was done 
by microscopic/ biochemical and physiological methods. 
Figure 4.1 and 4.2 represent photomicrographs of a typical 
suspension of isolated cells prepared by the method described 
earlier. Figure 4.1 shows well dispersed and intact isolated 
epithelial cells. A-^ this magnification, it was possible to see 
the cell brush boader which appeared as a fan shaped fibrous stru-
cture localized over a small segment of the cell periphery, ^s 
reported by Kimmich (1970), cells once freed from the restraints 
of the intestinal wall in most cases lose their characteristic 
colxomer shape and assume a spherical shape, vvhile cells joined to 
neighbouring colls tend to remain colomner, however, as can be 
seen in Fig, 4.1, even individual cells have retained their colu-
mner shape. Figure 4.2 shows a single cell at ix.1210) magnifi-
cation in which the nature of the brush boader is more clearly 
defined. The size and the shape of the brush boader can be readily 
seen from the photograph. The photographs also indicate that the 
plasma membrane of the cell was still completely intact following 
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the mechanical treatment which was necessary to free the cells 
from the mucosal surface of the intestinal wall. Extensive exami-
nation of these suspensions revealed that a high percentage of the 
total population was likewise structurally intact. This fact was 
borne out by the observation that trypan blue could typically stain 
only about 10-15% of the total cell population, indicating approxi-
mately 85-9 0% viability. Typical yield was about 100-15 0 mg of 
cell protein from a small intestine for a 2 00-25 0 g rat. 
By direct observation then, the isolated cells appeared to be 
structurally intact and possessed at least some of the morphologi-
cal structure characteristics of intestinal epithelia before iso-
lation. In order for such a preparation to be experimentally ns<d-
ful/ however, it was necessary to make certain that the metabolic 
and transport capabilities were the same after isolation as before. 
This information added further support to the idea that little 
damage was incurred by the cells during isolation and that they 
could be used for detailed study on the transport mechanism under 
the influence of fluoride. 
Figures 4.3 and 4.4 show the rates of lactate and carbon 
dioxide production from glucose by the isolated cells- Note that 
both lactate and CO^ production were linear function for at least 
a 2 hour interval. This represented a period of linear metabolic 
activity about three times longer than the best preparation repor-
ted elsewhere in the literature (Perris, 1966; Stern and Reilly, 
1965) and comparable to that reported by Kimmich (1970) and 
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O'Doherty and Kuksis (1975). The yield of lactate averaged about 
450 n mol/hr/mg cell protein which was much higher than 250 n 
mol/hr/mg of cell protein reported by O'Doherty and Kuksis (1975) 
270 n mol/hr/mg cell protein reported by Leslie and Rowe (1972) 
36 0 n mol/hr/mg of cell protein reported by Stern and Reilly (196 5) 
and 120 n mole/hr/mg cell protein reported by lemhoff (1970), and 
comparable to 4 00 n mol/hr/mg cell protein reported by Kimmich 
(1970). 
Figure 4.5 shows the leakage of glucose-6-phosphate dehydro-
genase (cytosolic enzyme), succinate dehydrogenase (mitochondrial 
enzyme) and alkaline phosphatase, JS-glutamyl transpeptidase and 
leucine aminopeptidase (brush boader enzymes) into the extrace-
llular fluid, The leakage of succinate dehydrogenase is non-
significant even after one hour of incubation at 31'^C in solution 
'C (see Materials andMethods), while glucose-6-phosphate dehy-
drogenase leakage did not exceed 10% of the total activity even 
after one hour of incubation. This indicated that the isolation 
procedure of cell suspensions did not damage the cell membranes 
and cells could be used for the study of uptake of sugars and 
amino acids under the influence of fluoride. Upto 3 0 per cent 
leakage of brush boader enzymes, viz. alkaline phosphatase, 
(5'-glutamyl transpeptidase and leucine aminopeptidase which beco-
mes constant within one hour of incubation could not be related 
to menbrane damage, as their situation in the brush boader mem-
brane made them more libale to loss than cytosolic enzymes, and 
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furthermore, the results indicate that the carriers required for 
mediated transport of sugars had been retained by the merribrane to 
a greater extent as they are reported to be situated along with 
alkaline phosphatase deep into the brush boader membrane (Brasitus 
et al., 1979) and that alkaline phosphatase showed only 20% lea-
kage into the extracellular fluid. 
Both morphological and biochemical data thus indicate that 
the cells prepared by this procedure were similar to the cells, 
before isolationo Since the main p\irpose of our cell isolation 
was to study the effect of fluoride on the uptake of sugars and 
amino acids by the isolated epithelial cells, it was tested whether 
the cells prepared retained the capacity of accumulating sugars 
and amino acids under control conditions only. Figures 4.6, 4.7 
and 4.8 show the uptake of C-glucose, C-leucine and C-pro-
line, respectively by isolated cells at several different concen-
trations as a function of timie. The data clearly show that the 
cells were capable of generating a concentration gradient of •glu-
cose, leucine and proline in a period of time less than one min., 
that near-maximal gradients were established within 5, 8 and 15 
min. in the case of glucose, proline and leucine, respectively and 
after that time a steady state was maintained during which little 
net transfer of all the three test substances occurred. Studies 
on the uptake of glucose, proline and leucine under the influence 
of fluoride were always conducted within 5, 8 and 15 min., respec-
tive ly . 
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Effect of fluoride on t.he uptake of glucose, leucine and 
proline by isolated intestinal epithelial cells 
After determining the structural and metabolic integrity 
of the isolated cell suspensions they were used to find out the 
effect of fluoride on the uptake of D-glucose, L-leucine and 
D-proline, representing sugars, amino acid and imino acids, 
respectively. 
14 Figures 4.9, 4.10 and 4.11 show the uptake of C~glucose, 
C-leucine and C-proline by isolated cell suspensions as a 
function of time and effect of different concentrations of 
fluoride, respectively. The cells were incubated at 37°C in 
solution 'C containing labelled 1.25 ntl glucose or 2.5 irW leu-
cine or 2.5 irM proline and with or without different concentra-
* 
tions of fluoride= CPM retained by the cells were ^ plotted 
against the time of incubation. A concentration dependent 
effect of fluoride -on the uptake of these nutrients was obser-
ved, i.e. by increasing the concentration of fluoride in the 
medi\im, a parallel decrease in the uptake resulted. In the 
case of glucose, significant inhibition was observed right from 
0.25 mM NaF with approximately 75?^  inhibition at 5 nM NaF • con-
centration while inhibition of leucine and proline started at 
0.5 rrM NaF with about 75% at 10 mM NaF concentration. 
This was followed by studying the effect of several agents 
known to inhibit active transport such as phloridzin, ouabain 
and 2,4-dinitrophenol and comparing their effect with that of 5 mM 
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cells and the effect of different concentrations of 
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NaP. I\s is clearly indicated in Pigs. 4.12, 4.13 and 4.14, 5 mM 
NaP inhibited the entry of these substances to the same extent 
that could be seen with 0.5 mM ouabain or 0.5 itM 2,4-dinitrophenol 
while leucine and proline uptake was found insensitive to inhibi-
tion by 0.5 iTiM phloridzin in contrast to glucose uptake. Phloridzin 
which is thought to be a rather specific inhibitor of intestinal 
sugar transport, was further proved by these experiments. Ouabain, 
+ + 
an inhibitor of active Na and K transport, inhibited the entry 
of all the three test sxibstances indicating the involvement of 
+ + Na / K pump m the active transport of these s'ubstances. DMP also 
inhibited the active entry of all the three substances which is 
thought to be due to decrease in metabolic energy output of the 
cells (Mathews, 1960). The expected response of isolated cells 
to these known inhibitors of transport further indicate that the 
isolated cells had retained the original integrity and response to 
transport inhibitors. The same figures show that incxibation of 
cells with 5 mM NaF in presence of 2 rrH CaCl reduced its inhibi-
tory effect on the uptake of all the three s\±istances. Inhibition 
was completely lost during first 2 or 3 min. Of inG\±iation with 
scarcely significant inhibition observed afterwards. This indi-
cates that formation of less soluble CaF prevented the entry of 
fluoride into the cells awl that fluoride was required from inside 
the cell to prevent the uptake of nutrients. 
This was followed by a series of experimtnts where isolated 
cell suspensions were preinciibated with fluoride under different 
experimental conditions and then used for the uptake of these 
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MINUTES 
14 Fig.A/iAcc\jmulation of C-glucose by i s o l a t e d i n t e s t i n a l 
c e l l s and comparat ive e f f e c t of DNP (Zb £i.) ouabain 
(• •) , NaF (D -O) and pholor i r iz in(0 O)on i t . 
Cont ro l (o O) • Kach p o i n t i s mean va lue of 4 
exper iments , COMTROU -t-CcxC i^, (A A.) 
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F i g . 4 . 14 14, Accuiciulation of "^^C-proline by isolated intestinal 
cells and comparative effects of DNP {^ A) ouabain 
(• •) NaP (o a) and pholoridzin (O O) on it. 
Control (0 0). Each point is mean value of 4 
experiirents. CoNTftoL-t-CaCfia. (A A^ 
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test sx±)stances. The control cells were always preincubated with 
equal concentrations of NaCl to account for the increased ionic 
strength. The uptake of test nutrients under different flmoride 
treatments was studied as follows: 
1. The cells (about 50 mg cell protein) were preincubated in 
solution 'C containing different concentrations of NaF/NaCl for 
5 min. at 37*>C in a water bath with gentle shaking (80 cycles/min). 
After preincubation with NaF/NaCl, the cells were centrifuged and 
supernatant discarded„ The cells were once washed with solution 
'C to remove all the extracellular fluoride present and finally 
subjected to uptake studies. Figures 4.15, 4,16 and 4.17 show 
effect on the uptake of glucose, leucine and proline by the isola-
ted cells after preincxjbating them with different concentrations 
of fluoride. Considering uptake of these substances in the contr-
ols as 10C5^  absorption, a slight decrease was observed at 2.5 mM 
NaF preincubation, but increase in the NaF concentration during 
preincubation resulted into simultaneous decrease in the per cent 
absorption rates of all the three test substances. Preincubation 
of cells with fluoride concentration above 2 0 mM did not produce 
any further effect on the per cent absorption rate, i.e. with 2 0 
TcM and 50 mM NaF concentrations, almost similar inhibition was 
noticed. From Fig. 4,15, which shows effect of fluoride on the 
uptake of glucose, it can be noticed that inhibition on the 
uptake of glucose gradually decreased with time. The reason for 
recovery might be the inhibition of metabolic activity in fluoride 
14 preincubated cells while *-~^^2 Production continues at normal 
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Fig.4-/5 Accumxilatlon of C-glucose bv Isolated intestinal 
cells preincubated with different concentrations of 
NaF/NaCl for 5 min. at 37°C. pi^ 7.4. P:ach point if 
mean value of 6 experiments. 
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F i g . 4 .16 14, Accumulation of ^ C-leucine by isolated intestinal 
cells preincubated with different concentratit;ns of 
NaF/NaCl for S min. at 37'C:pH 7.4. Kach point is 
mean value of 6 experiments. 
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6 8 
MINUTES 
14 Fig. 4.17 Accurr^ulation of C-proline by isolated intestinal 
cells preincubated with different concentrations of 
NaF/NaCl for 5 min- at 37"C: pH 7.4. Each point is 
mean value of 6 experiir.ents. 
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rate in the case of control cells. Thereby showing a false reco-
very in the per cent absorption rate. 
2. The cells were preincubated in a similar fashion as mentio-
ned above with 10 mM NaF for five minutes and effect of preincuba-
tion on the uptake of different concentrations of glucose, leucine 
and proline can be seen in Pigs. 4.18 4.19 and 4.20, respectively. 
Similar effect was observed on the uptake of all the three test 
substances, i.e. increase in the substrate concentration slightly 
enhanced the per cent inhibition with same fluoride concentration. 
Thus, ruling out the possible competa-tivis inhibition on the uptake 
of these substances by fluoride as is observed in the case of 
phloridzin, where phloridzin and glucose compete for the same site 
of the carrier molecules in the cell membrane. 
3. This time isolated cells were preinciobated with 10 rrM NaF 
for different intervals of time and the effect on the uptake of 
glucose, leucine and proline is shown in Figs. 4.21, 4.22 and 4.23, 
respectively. The effect can be compared with that observed 
during preincubation of cells with different fluoride concentra-
tions. While scarcely significant inhibition was observed after 
2 min., the 10 min preincubation resulted into maximum inhibition. 
Further, increase in the preincubation time did not enhance the 
degree of inhibition any more. Thus, it was believed that within 
5-10 minutes cells become fully loaded with fluoride and further 
increase in preincubation time did not result in further fluoride 
uptake athat could further enhance the degree of inhibition on the 
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C-leucine for 9 rain, by isolated intestinal cells 
preincubated with 10 rt^-i NaF/WaCl for 5 min. Tempe-
rature 37*C:pH 7.4. Each point is mean value of six 
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Pig. 4.20 Accumulation of d i f fe ren t concentrat ions of 
C-proline for 4 min. by i so l a t ed i n t e s t i n a l c e l l s 
preincubated with 10 ITM NaF/NaCl for 5 min. Tempe-
ra ture ST'CipH 7.4 . Each point i s mean valueof s ix 
experiments. 
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100 
3 A 
MINUTES 
Pig.A-a; Accumulation of C-glucose as a function of time by 
isolated intestinal Cells preincxjbated with 10 rrM 
Nag/NaCl for different intervals of time. Temperature 
37 C: pH 7.4. Kach point is mean value of four 
experiments• 
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6 9 
MINUTES 
14 Fig. 4.2 2 Accuir.ulation of C-leucine as a function of tinie 
by isolated intestinal cells preincubated with 10 rr^; 
NaF/NdCl for different intervals of time. Tempera-
ture aV^CipH 7.4. Each point is mean value of four 
experiments. 
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4 6 8 
MINUTES 
10 
14 Fig . 4.23 Accumulation of C-proline a.j a function of time 
by isvjlated i n t e s t i n a l c e l l s preincubated with 10 nfi 
NaF/NaCl for d i f ferent i n t e rva l s of t ime. Tempera-
ture 37»C:pH 7 .4 . Each point i s mean value of four 
experiments. 
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uptake of these test substances, while during two min. preincuba-
tion cells were not fully loaded with fluoride or 
with fluoride concentrations that could produce significant inhi-
bition of nutrient uptake by isolated cells. Purthermore, inhibi-
tion due to two min„ preincubation with fluoride did not last 
longer, as recovery in the per cent absorption rate was observed 
within three minutes, indicating that already lesser intracellular 
concentrations of fluoride were lost more rapidly into surrounding 
medium immediately, hence resulted into recovery from inhibition. 
Thus, these results indicate that fluoride was required from inside 
the cell to induce inhibition. 
4, The cells were preincubated with 2.5 ntl NaF concentration, 
which was found to produce very little inhibition on nutrient 
uptake previously,for 5 min with incxibation medium set at pHs 
6.2, 7.4 and 7.8, Effect of preincubation on the uptake of glu-
cose, leucine and proline had a strong dependence on the pH of the 
incubating medium (Figs. 4.24, 4.25 and 4.26). The 2.5 rrM NaF 
which could not produce more than 10% inhibition at pH 7.4, produ-
ced about 40-50/0 inhibition of all the three test substances at 
pH 6.4 while at pH 7.8 hardly any inhibition was observed. Since 
fluoride is reported to cross the merrbrane in HF form (Gutknecht 
and Walter, 1981), during this experiment, it seems lowering of pH 
had favoured the HF formation and resulted into increased uptake 
of fluoride which correspondingly enhanced the degree of inhibition. 
So, it was further established that presence of fluoride from 
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2 3 4 
MINUTES 
14 Fig,'j.2^ Acciimvilation of C-glucose by i so la ted i n t e s t i n a l 
c e l l s preinciibnted v?ith 2.5 rnM NaFAlaCl for 5 min. 
a t d i f ferent pHs, Temperature 37 C, Each point i s 
mean value of 4 d experiments. 
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MINUTES 
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i . ' ' iy. 4 . 2 5 14,. Accumulation of ""'C-leucine by isolated intestinal 
cells preincubated with 2.b nt. NaiT/NaCl for 5 min. 
at different piis. Temperature 37'C. Each point i£ 
irean value of 4 experiments. 
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4 6 8 10 
MINUTES 
14 F i g . 4.26 Accumulation of C-pro l ine by i s o l a t e d i n t e s t i n a l 
c e l l s p re incuba ted with 2,5 rrf-i NaF/NaCl for 5 niin, 
a t d i f f e r e n t pUs. Temperature 3T'C. Each po in t i s 
mean value of 4 exper iments . 
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inside the cell only, resulted into inhibition of nutrient uptake. 
5. This time cells were preincubated with 10 mM NaP for 10 min. 
at 0, 22 and 37°C temperatures and effect of preincubation on the 
uptake of glucose, leucine and proline under these conditions can 
be seen in Figs. 4.27, 4.28 and 4.29, respectively. Maximum inhi-
bition of nutrient uptake was observed in the cells preinci±)ated 
at 31"C with almost same degree of inhibition in the cells prein-
cubated at 22°C, while in cells preincubated at C C , hardly any 
inhibition was observed. Stookey et _a_l, (1964) have reported that 
temperature variations from 2 0°C to 37°C did not influence the 
rate of fluoride diffusion from the intestine. But, possibly at 
0°C no uptake of fluoride with the cells had taken place to induce 
any inhibition. 
Thus above results indicate beyond doubt, that the condi-
tions which led to maximum uptake of fluoride by the cells, produ-
ced maximum inhibition and the conditions which prevented fluoride 
uptake, abolished the inhibitory effect on the uptake of thuse 
nutrients. 
+ + Table 4.1 shows the effect of fluoride on Na -K -ATPase and 
2+ Mg ATPase activities in isolated cell suspensions during the 
uptake of nutrients. One xM NaF had no effect at all on the acti-
vities of these enzymes while 5 rr^l NaF did produce a significant 
inhibition of both Na'*'-K /^TPase and Mg"*" i^TPase. 
Effect of fluoride on the absorption of glucose and leucine 
under _in situ conditions 
Control and fluoride treated loops prepared in the same rat 
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3 4 5 
MINUTES 
Fig.^.27Acciarnulation of ^ C-glucose by i so la ted i n t e s t i n a l 
c e l l s preincubated with 10 mM NaF/NaCl for 10 min 
a t d i f fe ren t temperatures, pH 7 ,4 . Each poin t i s 
mean value of 4 experiments. 
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3 6 9 
MINUTES 
12 
14 F ig . 4i28 Accuiriulation of C-leucine by i s o l a t e d i n t e s t i n a l 
c e l l s preincxibated with 10 rv^ l NaF/NaCi for 10 ivdn. 
a t d i f f e r e n t t empera tu re s . pH 7 . 4 . Each po in t i s 
mean value of 4 exper iments . 
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S 8 
MrNUTES 
10 
14 Fig. 4.29 Accumulation of C-proline Dy isolated intestinal 
cells preincubated with 10 rti'i NaF/NaCl for 10 min. 
at different temperatures. pH 7.4. Lach point is 
mean value of 4 experiments. 
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Table 4.1 
-f -f + 
Activities of Na -K -ATPase and Mg -ATPase m the isolated cells 
incubated for 10 min at 37°C in 0^  1 and 5 mM NaF containing 
incubation medium 
Na'^-K'^-ATPase Fluoride 
concen- (/u moles Pi/ 
tration mg protein/hr-
(nM) 
% inhibi-
tion 
Mg -ATPase 
(/u moles Pi/ 
mg protein/hr. 
% inhibi-
tion 
0 
1 
5 
2.157+U.19 
2 .209+0 .25 
1 .595+0.13 26% 
2 , 8 9 5 + 0 . 2 1 
2 . 7 1 9 + 0 . 1 7 
2 . 3 7 2 + 0 . 2 3 18% 
Values are mean + S.E. of s ix determinations. 
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as described in the Materials and Methods were filled with 1.0 ml 
14 
of 50 rrM glucose or 50 rrM labelled leucine (2.5 AiCi C leucine) 
in Kreb's Ringer biocarbonate buffer (KRB), pH 7.4 containing 
different concentrations of NaF in the case of treated loops, while 
control loops received equal concentration of NaCl. Figure 4.3 0 
shows concentration dependent effect of fluoride on the absorption 
of D-glucose. A scarcely significant inhibition of glucose absorp-
tion was observed at 10 inM NaP while further increase in the fluo-
ride concentration produced highly significant inhibition. Absorp-
tion of D^glucose in control loops was considered as 10C% absorp-
tion. When 0.5 mM phloridzin was added along with different con-
centrati6n of EaF, an additive effect was observed throughout, 
indicating that the site of action for fluoride and phloridzin may 
be different. 
Similar effect of fluoride was observed on the absorption of 
leucine (Pig. 4.31). Significant inhibition was noticed at 12 rM 
NaF and further increase in fluoride concentration simultaneously 
decreased per cent absorption rate of leucine. But, in this case, 
addition of 0,5 mM phloridizin did not produce any further effect. 
A time dependent effect on the absorption of glucose and leucine 
was also observed (Fig. 4.32). At same fluoride concentration, 
inhibition almost doubled when inctJbation . time was increased from 
3 0 .min. to one hour. Absorption of fluoride was also studied under 
same experimental conditions (Table 4.2). M time dependent increase 
in the absorption of fluoride was observed with 65% absorption, one 
hour after the injection of fluoride into loops of rat intestine. 
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Fig. 4.32 Effej^ of 24 irt-i NaP on the absorption of D-glucose 
and C-leucine as a function of time, under J^ n situ 
conditions. 
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Table 4 
Time dependent absorption 
under in 
F~ concen-
tration used 
48 mM 
-do-
-do-
-do-
situ conditions 
Time 
(minutes) 
15 
30 
45 
60 
of 
/a 1 
ab; 
.3 
fluoride from 
moles of F~ 
sorbecV'gm wt. 
tissue 
84 + 12 
82 + 15 
117 + 12 
122 + 20 
the intestine 
% Absorption 
^6 
58 
61 
63 
V a l u e s a r e + S .E . of 4 e x p e r i m e n t s . 
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Table 4.3 shows the effect of fluoride instillation on the mucosa 
+ + 2+ 
i-iTPase enzymes. Na -K -w^TPase and Mg ATPase did not show any 
change at 6 mM NaF while 48 mM NaF produced a significant inhibi-
tion of both enzymes. 
Even when control and fluoride treated loops were prepared 
in separate rats, effect of 48 mM NaF produced same degree of 
inhibition. This indicated that fluoride did not produce any inhi-
bition in control ATPase while circulating through blood, when 
control and treated loops were prepared in same rat. The same 
effect was found in the case of glucose and leucine uptaXe hence 
results were pooled in that case. 
Effect of fluoride on the metabolic activity of the isolated cells 
Figures 4.33 and 4.34 show the effect of different concentra-
14 
tions of fluoride on the lactic acid production and C-rcarbon dio-
xide production from isolated cell suspensions. Significant inhi-
bition of lactic acid production was observed right from 0,25 mM 
NaF concentration. Upto 5 mM NaF concentration, lactic acid produ-
ction showed a simultaneous decrease but after that the extent of 
inhibition remains almost constant upto 20 mM NaF. Maximum inhi-
bition observed was 65% at 20 mM NaF. Decrease in CO production 
also shows same pattern. Upto 7 rriM NaF concentration, a simulta-
neous decrease in CO production was observed while further incre-
ase in fluoride concentration did not enhance the effect. 
Table 4.4 shows the effect of different fluoride concentra-
tions on the loss of cytosolic,mitochondrial and brush boader 
156 
Table 4.2 
Effect of NaF on intestinal mucosa ATPase enzymes under _in situ 
conditions 
Fluoride Na"''-K'^  ATPase Mg'^ "^  ATPase % g"' % 
conctn- ( ja moles Pi/ Inhibition ( ^ moles Pi/mg inhibition 
tration mg protein/hr. protein/hr. 
0 2.375+0.21 
6 2.369+0.32 
48 1.610+0.11 
48* 1.563+0.19 
-
-
32 
34 
3 .025+0 .29 
3 . 1 0 5 + 0 . 2 1 
2 . 3 6 5 + 0 . 1 7 
2 . 3 9 9 + 0 . 1 3 
21 
20 
Values are average + S.E.M. of at least six preparations 
*when control and fluoride treated loops were prepared in separate 
rats. 
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Table 4.4 
Effect of different concentrations of fluoride on the loss of 
cytosolic, mitochondrial and brush boader membrane bound enzymes 
from isolated intestinal epithelial cells 
Enzyme % loss into extracellular fluid 
Control F treated 
(12 rtM) 
F treated 
(96 vm) 
Glucose-5-phosphate 
dehydrogenase 
10.7+2.5 9+2.5 
Succinate dehydrogenase 3.5+2.7 3.5+2 
Alkaline phosphatase 28.9+4 27+5.7 
^-glutamyl transpeptidase 32.4+7 3 0.6+4,5 
Leucine amino peptidase 38.9+7.5 39.7+7.8 
7 + 2 
2.5 + 1.5 
2 9 + 5 
33.6+7.4 
35.1+8.7 
Values a re + S.E. of t h r e e de te rmina t ions 
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merribrane bound enzymes from isolated intestinal epithelial cells 
of rat. While no change was observed in the loss of succinate 
dehydrogenase/ "^-glutamyl transpeptidase^ alkaline phosphatase and 
leucine aminopeptidase, glucose-6-phosphate dehydrogenase did show 
some decrease in the release of enzyme into extracellular fluid at 
96 ITM NaF, but the decrease was not significant. This indicates 
that cellular integrity was retained even under the influence of 
fluoride« 
Effect of single oral dose of fluoride (9 0 mq NaF/kq body) on the 
uptake of nutrients by isolated cell suspensions 
Rats of 2 00 g average body weight were orally fed with 90 mg 
NaF/kg body weight and the effect of this oral administration on 
the uptake of glucose^ leucine and proline by isolated cell suspen-
sions was observed after 6, 12, 24 and 48 hours (Figs. 4.35, 4.36 
and 4.37). A highly significant inhibition was observed on the 
uptake of all the three test substances after 6 and 12 hours of 
oral administration while after 24 hours of fluoride administration 
normal capacity of nutrient uptake was almost competely recovered 
by the cells. But when uptake capacity was tested in cells after 
48 hours of administration, they again showed slightly significant 
inhibition. During the feeding experiment, it was observed that the 
rats which were fed with fluoride, did not touch the food at least 
for 24 hours. While control rats fed instead, with equal concen-
tration of NaCl, did consume food. 
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DISCUSSION 
The absorption of nutrients carried out by the mucosal epi-
thelicjl cells of the small intestine has long been recognized and 
appreciated by biochemists and physiologists alike, Kimmlch (197 0 
and 1977) reported that the isolated intestinal epithelial cells 
can act as a model system for the study of biochemical transport 
phenomenon and observed that isolation procedure did not alter the 
response of these cells to the known inhibitors of ^.nutrient trans-
port in intact intestine. Thus/ the ability to prepare suspensions 
of isolated intestinal epithelial cells which retained their meta-
bolic and transport capabilities offered a productive new avenue 
of approach to the study of metabolite transport under the influ-
ence of various toxic substances particularly those which have 
access to animal or human body through oral route. It is increa-
singly apparent that active iintestinal transport may be quite 
similar to that in cells originating from tissue other than intes-
tine and much work has been focussed on that possibility (Schultz 
and Curran, 1969; Koser and Christensen, 1968; Kleinzeller et al., 
1967; Eddy, 1968 and Vidaver, 1964). If it is a fact then observed 
effect of fluoride on the uptake of glucose, leucine and proline 
can be generalized for all types of tissue cells. 
Intestinal epithelial cells isolated during these studies 
were found to retain their structural and metabolic integrity com-
parable to those observed by Kimmich (1970), Evans ^  ^ . (1971) 
and O'Dohert^nd Kuksis (1975). Thus these isolated cell 
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suspensions provided the mo^t suitable system to study the effect 
of fluoride on the uptake of nutrients, because the «ase of manipu-
lation and reproducible sampling offered significant advantages 
over those systems using intact tissue preparations. Furthermore, 
use of cell suspensions allov/ed a degree of homogenity in cell 
populations unable to ;be attained with mofe classical techniques. 
More important, noval biological variations between control and 
treated rats which would make comparison of their transport acti-
vity difficult, were overcome in this system. Finally, the tech-
nique of Killipore filteration allowed collection of cell samples 
in which contamination by extracellular fluid was minimum. Typi-
cally 2 00 /ul sample may be filtered containing as much as 2 mg of 
cell dry wt. and after the usual 10 ml wash only 0.2-0.3 nl of 
extracellular fluid would be trapped by the cells (Kimmich, 1970). 
The present study sho./s that fluoride produced a concentra-
tion dependent effect on the uptake of glucose, leucine and proline 
which were selected as representatives of sugars, amino acids and 
imino acids, respectively, by the isolated cell suspensions. >^  
significant inhibition of glucose uptake was observed right from 
0,25 mM NaF with almost complete inhibition of active transport 
at 5 mM NaF concentration, while same degree of inhibition was 
observed in the case of leucine and proline with 0.5 to 10 mM MaF 
concentrations. The extent of inhibition produced by 5 mM NaF was 
comparable to that induced by 0,5 mM ouabain or DNP in case of 
glucose leucine and proline uptake and that by 0.5 rtiM phloridzin of 
glucose uptake only, while no effect of phloridzin was observed on 
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the uptake of leucine and proline. But, when same fluoride concen-
tration was added to cell suspensions along with 2 rrM CaCi2» "the 
inhibitory effect was initially completely lost with a scarcely 
significant inhibition, when test substances tended to reach their 
steady state. This indicated that fluoride was able to abolish 
uptake only when present intracellularly. Since fluoride having 
2+ 
very high affinity for Ca (Stookey and Muhler^ 1963; Carlson 
jet jl., 196 0 ; Lawrenz and Mitchell, 1941; Narayana Rao, 1942), 
formed less soluble CaF which could not be taken up by the isola-
ted cells, and resulted into loss of inhibition. 
To prove it further, cells were pre-incubated with fluoride 
under different experimental conditions. V7hen cells were preincu-
bated with different concentrations of NaF (2.5 to 50 rrW), it was 
observed that 5 rrM NaF concentrations and above, produced highly 
significant inhibition. B\it degree of inhibition remained almost 
constant above 10 nM NaF. VJhile addition of 5 rt*4 NaF concentra-
tions to the cells almost completely abolished uptake of glucose, 
leucine and proline here even preancviba-tion with 2 0 mM NaF did not 
produce that degree of inhibition. The reason may be, rapid loss 
of fluoride from the cells during washing and incubation after pre-
incubation, because fluoride is transported across the membrane by 
simple diffusion along the concentration gradient. That is why 
during preincubation with lower concentration of NaF, the effect 
on uptake was almost completely lost with time, while preincubation 
with higher concentrations did not show that fall in degree of 
inhibition with time. Furthermore, it was presumed that the cells 
1G7 
preincubated with higher fluoride concentrations retained their 
inhibitory effect with time because the intracellular fluoride con-
centration, even after steady state of fluoride diffusion was att-
ained, were enough to do so. 
In the same way, when cells were preincubated at different 
pHr temperature and time period, the effect was again found maximum 
under the conditions which would lead to the maximum loading of 
cells with fluoride and at the same time experimental conditions 
which led to minimum fluoride uptake almost lacked any effect on 
the uptake of metabolites- One common thing observed with the 
uptake of glucose in preincubated cells was that the degree of 
inhibition decreased with time. Since this condition was observed 
only with glucose uptake, it was related to the inhibition of 
glucose metabolism in the treated cells while untreated cells con-
14 
tinued to lose C-CO , thereby decreasing the overall radioacti-
vity in the control cells. Effect of preincubation of cell sus-
pensions with fluoride on the uptake of different concentration of 
glucose, leucine and proline indicates that the inhibition was not 
competative, in nature, since with increase in substrate concen-
tration, the degree of inhibition was slightly enhanced,while had 
it been competative it would have resulted into decrease in the 
degree of inhibition. All the experiments carried out with pre-
incubated cells suggest that only intracellular fluoride could 
produce any effect on the uptake of nutrients and the degree of 
inhibition was always dependent on the conditions that would lead 
to maximum fluoride absorption by the cells. 
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Similar non-competitive inhibition observed on the uptake of 
all the three metabolites further suggest that fluoride abolished 
the uptake through its interference with the factor that must be 
playing a central role in the absorption of these substances by the 
isolated cells. Like phloridzin which abolish only glucose uptake 
by competing for the same site on the glucose carrier molecule in 
the cell membrane (Mathews and Symth, 1960; Crane^ I960), it was 
not possible for fluoride to act in the same way, as there exist 
different carriers specific for glucose, leucine and proline 
(Crane, 1960a;Mathews and Lester, 19S5 and Munk, 1966). 
It was possible that mechanism of fluoride inhibition may 
+ + involve a change in the Na - K -ATPase activity m intestinal mucosa, 
as there exist several reports regarding inhibition of ATPases by 
fluoride (Opitjet^ = , 1966; Farias e t ^ , , 1970; Kirschner, 1964). 
+ + Mucosal cells of rat small intestine contain high levels of Na -K 
ATPase, thought to be involved in the active transport of cations 
across cell membranes (Skou, 1965)* Csaky (1963) has suggested 
+ + 
that Na -K -ATPase might also l?e involved in the sodium dependent 
active transport of sugars and amino acids- The dependence of 
+ + 
xntestmal glucose and amino acid absorption on Na -K --ATPase acti-
vity has been demonstrated in rats and rabbits (Crane^ 1968; Post 
et al.j 1960; Whittam, 1962). In the present study, valuesfor small 
+ + 2+ 
mtestme Na -K -ATPase and Mg -ATPase activity were comparable 
with those of other workers (Charney and Donowitz, 1978; Krammer 
et al., 1974 and Tilson and Wright, 1971). 
The reduction in glucose, leucine and proline absorption 
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during incubation of isolatv-d cells with 5 rriM NaF suggest that it 
+ + 
was due in part to the change in mucosal Na -K -ATPase activity 
but at the same time inhibition on the uptake observed by cells 
incubated with 1 ITM NaF could be related in no way to the change in 
+ + 
the activity of Na -K -ATPase as the enzyme was found unaffected at 
+ + this concentration. So the observed inhibition of Na ~K -ATPase 
(26%) can partially account for the 75% inhibition, observed on the 
uptake of test substances. The partial inhibition was consistent 
with the possibility that some intestinal glucose and amino acid 
absorption is independent of mucosal Na -K -ATPase (Chignell, 1968). 
+ 
It has been shown that the alterations of Na and glucose transport 
+ + 
may not be associated with concurrent changes in the mucosal Na -K -
ATPase (Charner jet _al., 1975; Park and Hong, 1977), Absence of 
+ + 
effect on Na -K -ATPase with concomxtant inhibition of glucose 
leucine and proline transport at 1 rrM NaF is in consistent with the 
findings of Krasner et _al. (197* a, 1976 h), who have reported that 
ethanol decreases glucose absorption in the guinea pig without chan-
+ + gmg jujunal mucosal Na K -ATPase. The absence of a change at 
+ + this concentration in Na K ATPase activity does not exclude the 
possibility of a change in the intrinsic activity of other Na 
pump • in intact cells (Field, 1978). Two pumps may be involved 
in Na extrusion across epithelial membranes (Hoffman and Kregenow, 
1966; Proverbio et al., 1970; Schwartz, 1976 and Welt, 1969), one 
involving exchange for external K and derives its energy from the 
^ ^ which 
Na -K -ATPase and the other,/should be most effective in cell 
volume regulation, expels Na accompanied by Cl~ without the 
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involvement of Na -K -ATPase. Moreover, Maizels (1951) has repor-
+ + 
ted that active Na extrusion and K accumulation were inhibited 
by fluoride in low concentrations (2-10 mM) in mammalian erythro-
cytes- In view of the above reported results, it seems that fluo-
ride inhibited both types of pumps responsible for extrusion of 
Na"*" which is necessary for uptake of glucose (Crane, 196 0) and 
amino acids (Whittain and Wheeler, 1970), 
Maizels (1954) assumed that fluoride depleted the cells of 
ATP by preventing its glycolytic synthesis and it was,-suggested 
that ion transport stopped as a consequence of disappearance of 
ATP. Eckel (1958) supported this, showing that cells treated with 
4 mM NaF had a negligible ATP content. Burn (1962) agreed with 
Eckels results while working on human RBCs. Our results also show 
that it was basically inhibition of glycolytic activity which dep-
leted the cells from required energy necessary for the extrusion of 
Na , thereby inhibiting the uptake of glucose and amino acids. As 
is evident from the results, production of lactic acid and CO was 
significantly inhibited by fluoride at as low as 0.25 rrM concentra-
tion and that uptake of nutrients also showed inhibition starting 
with same concentration of fluoride. 
No change observed on the release of cytosolic, mitochondrial 
and brush boader mentorane enzymes with different fluoride concentra-
tions revealed that inhibition on the uptake of glucose, leucine 
and proline could, in no way, be related to the cell membrane 
damage of isolated cells. 
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Contrary to the fluoride concentrations that produce inhi-
bition on the uptake of nutrients by isolated cells, no inhibition 
was observed on the absorption of glucose and leucine upto 10 rriM 
NaP concentration under ±n situ conditions. Although further 
increase in fluoride concentration did produce highly significant 
inhibition on the uptake of these substances. Even Na -K -ATPase 
activity was found totally unaffected at 6 irM with 34% inhibitioh-
at 48 .rtM NaF concentration. Doubling the incubation period from 
min. 
3 0 /to one hour almost doubled the effect of 24 mM NaF on absorp-
tion of glucose and leucine, suggesting that high inward concentra-
tion gradient of fluoride, did not let fluoride to be retained by 
the epithelial cell layer. But with the attainment of steady 
state within one hour (Table 4.3) enough fluoride must .had been 
present intracellularly and extracellularly to enhance the degree 
of inhibition. 
The levels of fluoride abolishing glucose and leucine uptake 
under in situ conditions (10-96 mM) are far from excess of the 
approximately 0.05 mg P/kg/day, that might be consumed by adults 
in areas where the water is fluoridated (Kramer ^ ^ . , 1974). 
Furthermore, our findings under xn situ conditions were inconsis-
tent with that of Polokoff and Suttie (1981) that 3 rrM fluoride 
produced 3 0% inhibition of fat absorption while glucose uptake 
remained unaffected. Crane (196 0) also reported that 20 mM NaF 
produced 85% inhibition of glucose utilization with only 15% inhi-
bition on the rate of glucose accumulation under _in vitro condi-
tions. 
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Effect of single oral dose of fluoride on the uptake of glu-
cose, leucine and proline by isolated cells was also studied. 
Almost similar effect was observed on the uptake of all the three 
metabolites after 6, 12, 24 and 48 hrs of exposure. A highly sig-
nificant inhibition was observed upto 12 hoxirs of fluoride exposure 
and scarcely significant inhibition after 48 hours of fluoride 
exposure while after 24 hours the inhibitory effect on the uptake 
was almost completely lost. Inhibition on the uptake capacity of 
+ + 
the cells could be related to the loss of Na -K ATPase activity 
or inhibition of glycolytic activity of the isolated cells, while 
loss of inhibition after 24 hours could be explained by correlating 
it with the effect of starvation on the absorption capacity of the 
intestine, because it was observed that rats hardly consumed any 
food for at least 24 hours after administration. Reduction in 
food consumption by rats exposed to fluoride has been reported 
earlier (Shearer and Suttie, 1967). Kershaw et al. (1960) obser-
ved that during a period of semi-starvation some compensatory 
mechanism is brought into play which increases the ability of the 
small intestine to absorb sugars and amino acids against concentra-
tion gradient. The decrease in active absorption disappeared after 
a few days on an ad libitum diet. 
The conclusion drawn from the above studies is that the 
fluoride concentrations that produce inhibition on the absorption 
of nutrients from the intestine under J^ situ conditions are far 
in excess of the approximately 0.05 mg F~/kg/day that might be 
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consumed by adults in areas where water is fluoridated. Yet, it 
is significant that the levels of fluoride, which produce no effect 
in the intact intestine, may be very harmful at the cellular level 
by preventing the uptake of metabolites by tissue cells. 
SUMMaRY AND CONCLUSION 
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SUMMARY AND CONCLUSION 
Intake of fluoride by way of the diet is inevitable owing 
to its well known presence in foods and waters and has almost 
certainly taken place throughout the evolutionary development of 
man and animals. It, therefore, becomes necessary to study the 
effect of fluoride on the system initially exposed to it, i.e. 
gastrointestinal tract. Different parts of the gastrointestinal 
tract specialize in different activities, thus the buccal cavity 
is the main mincer of the food, stomach is the chief container, 
the small intestine is the chief absorbant region while the 
large intestine (colon) is primarily concerned with the absorp-
tion of water and also with excretion. 
So far, the first part of gastrointestinal tract, i.e. 
buccal cavity is concerned, it has been extensively studied under 
the influence of fluoride. A good relation has been established 
between the conditions of teeth and their response to fluoride. 
But regarding other parts of gastrointestinal tract and their 
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important biochemical and physiological functions, such as dige-
stion and absorption of nutrients, very little attention has been 
given, so far. Therefore, in the present dissertation various 
biochemical and physiological functions of the gastrointestinal 
tract have been investigated under the influence of fluoride. 
1. EFFECT OF FLUORIDE ON MEh'iBRANE PEBMEABIhllY AND BRUSH BOADER 
ENZYMES OF RAT GASTROIMTESTINAL TRACT 
A time dependent secretogogue effect accompanied by an 
increase in total acidity and peptic activity was observed follo-
wing oral administration of fluoride (25 mg/kg body weight/day) 
to the rats for a period of 7, 15, 30 and 6 0 days. Increase in 
total acidity was solely due to the increase in free acidity. 
Upto 15 days exposure of fluoride, neither volume of gastric 
juice nor acidity was significantly altered- However, after 3 0 
and 6 0 days, a drastic increase in free acidity, about 6 fold and 
3 fold, respectively, was noticed. Mucin content was found 
unchanged. A possible role of cAMP could be seen, since fluoride 
is a known stimulant of adenylate cyclase, responsible for the 
formation of cAMP. An alternate mechanism of regulation of H"*" 
secretion can also be suggested by its possible interaction with 
-- 2+ . 
ca ion, which is well known regulatory substance in gastric 
secretion. 
Oral administration of single fluoride dose (90 mg/kg body 
weight) to the rats resulted into significant decrease in the 
brush boader If-glutamyl transpeptidase (BBGT), sucrase (BBS) and 
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F" 
alkaline phosphatase (BBAP) activities after six hOTors of/admi-
nistration. The percent inhibition rate remained almost cons-
tant upto 12 hours while afterwards a recovery in the inhibition 
was observed with almost total recovery within 48 hours of 
fluoride administration. Maximum inhibition was observed in the 
case of BBGT (47%) followed by BBS (40%) and BBAP (22%). When 
comparable fluoride concentrations/ which might have entered the 
intestine during single oral dose of fluoride, were instilled 
into the ligated intestines of anaesthetised rats for 3 0 min, 
produced highly significant inhibition of all the three brush 
boader enzymes with maximum inhibition, again in the case of 
BBGT (73%) followed by BBS (59%) and BBAP (41%). Under the same 
experimental conditions, lower concentrations of fluoride (upto 
12 ITM) did not produce any change in the activities of these 
enzymes. 
Fluoride produces a direct effect on the activities of 
these enzymes was ruled out by observing no change under in 
vitro conditions. Altered integrity of brush boader membranes 
under the influence of fluoride might be resulting into the loss 
of these enzymes, was studied by analysing luminal fluid for 
protein content, sialic acid, nucleic acids and physiologically 
+ + 2+ important ions such as Na, K and Ca . Protein content, sialic 
+ + 
acxd, nucleic acids and Na and K ions showed a gradual increase 
in the luminal fluid with increase in fluoride concentration 
2+ 
when compared with controls. Ca remained unaffected. The 
decrease in the brush boader enzyme activities at higher 
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concentrations of fluoride was, therefore, likely due to release 
of proteins (enzymes) from the brush boader membranes, rather 
than inhibition of these enzymes induced by fluoride. However, 
the possible inhibition of protein synthesis by fluoride, partia-
lly accounting for the observed inhibition of these enzymes can-
not be ruled out. 
2. EXPERIMENTAL FLUORIDE TOXICITY: A COMPARATIVE STUDY ON LIPID 
PEROXIDATION AND VARIOUS KEY ENZYMES OF DIFFERENT TISSUES OF 
RAT 
Following oral administration of fluoride to animals, 
absorption from the gastrointestinal tract involves its translo-
cation to blood stream and then to various tissues. It was, 
therefore, of interest to find out comparative effect of fluoride 
on lipid peroxidation and various key enzymes, viz., glucose-6-
phosphate dehydrogenase (G6PD), monoamine oxidase (MAO), tyrosine 
amino-transferase (TAT), acetylcholinesterase (ACE), alkaline 
phosphatase (AP) and acid phosphatase (ACP) of different tissues 
of rat. 
Male albino rats were orally fed with fluoride (25 mg NaF/ 
kg body weight/day) for a period of 6 0 days. After different 
intervals of time (7, 15, 3 0 and 60 days), rats were sacrificed 
and comparative effect of fluoride on above mentioned enzymes and 
on lipid peroxidation was studied. A highly significant increase 
(above 100%) in the activity of G6PD was observed after 3 0 and 
6 0 days exposure to fluoride in brain, intestine and RBCs. No 
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change in the activity of MAO was observed even after 6 0 days 
of fluoride exposure. ACE did not show any change in the brain 
and intestine, although a significant increase (55%) was obser-
ved in RBCs after 6 0 days of fluoride exposure. Overall affect 
of fluoride on TAT activity was inhibitory in nature, although 
significant inhibition was observed only in the case of RBCs. 
Phosphatases showed a fluctuating behaviour in different tissues 
studied-a decreasing trend in the beginning with a recovery and 
activation at the end. A decreasing trend in the protein con-
tent was also observed with a recovery afterwards. The analysis 
of results allows no overall generalization in the enzymatic 
alterations induced by fluoride except in the case of G6PD, which 
showed a significant increase in the activity in all the three 
tissues studied. The reason for the stimulation of G5PD in the 
fluoride exposed tissues could be an increased intracellular 
glucose, produced by inhibition of glycolysis and enzymes of TCA 
cycle, which at higher levels triggers its metabolic flow through 
the direct oxidation pathway, i.e. hexose monophosphate shunt. 
Observed effects of fluoride on lipid peroxidation vary 
in intestine, liver and brain under _in vitro and xn vivo condi-
tions. Fluoride produced a concentration dependent inhibition 
of lipid peroxidation in liver and intestine of rats under 
in vitro conditions, while under the same experimental condi-
tions, both activation at lower concentrations and inhibition 
at higher concentrations of fluoride was observed in the case 
of brain. In addition, oral feeding of fluoride produced 
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significant inhibition of lipid peroxidation in the intestine 
only, while no change was observed in brain and liver. The 
inhibitory effect of fluoride was lost on heating homogenates 
to 100°C while stimulatory effect of fluoride in brain remained 
unaffected. This indicates that inhibitory effect of fluoride 
required some active involvement of enzymes or proteins which 
were denatured on heating while stimulation of lipid peroxida-
tion in the case of brain seems to be non-enzymatic in nature. 
3. DETAILED STUDIES ON THE UPTAKE OF NUTRIENTS BY ISOLATED 
EPITHELIAL CELLS FRCX^ RAT INTESTINE; CONTROL EXPERIMENTS 
AND EFFECT OF FLUORIDE 
Effect of most of the xenobiotics and factors on the 
absorption of nutrients by animal intestines has been studied-
In this regard, most of the studies have been performed with sys-
tems which yield rather iiidirect information about the transfer 
step in which metabolites move from a compartment of low concen-
tration to one with high concentration. An alternate system for 
more direct evaluation of the transport mechanism was through 
the use of isolated intestinal epithelial cell preparations. The 
structural and metabolic integrity of the isolated epithelial 
cells was determined by microscopic, biochemical and physiologi-
cal methods. Well dispersed and intact epithelial cells were 
prepared with 85-9C^ viability. The cells appeared to be struc-
turally intact and were found to retain most of the morphological, 
transport and metabolic characteristics of intestinal epithelia 
before isolation. Thus, the ability to prepare suspensions of 
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isolated intestinal epithelial cells which retained their metabo-
lic and transport capabilities offered a productive new avenue of 
approach to the study of metabolite transport under the influence 
of various toxic substances, particularly those which have access 
to animal body through oral route, because the ease of manipulat-
ion and reproducible sampling offered significant advantages 
over those systems using intact tissue preparations. Furthermore, 
use of cell suspensions allowed a degree of homogenity in cell 
populations unable to be attained with more classical techniques. 
More important, noval biological variations between control and 
treated rats which would make comparison of their transport 
activity difficult, were overcome in this system. 
The present study shows that fluoride produced a concentra-
tion dependent effect on the uptake of glucose, leucine and 
proline which were selected as representatives of sugars, amino 
acids and imino acids, respectively, by isolated epithelial 
cells with almost complete inhibition of active transport at 
5 nM NaF concentration. But when the same fluoride concentra-
tion was added to cell suspensions along with CaCl„, the inhi-
bitory effect was initially completely lost with a scarcely sig-
nificant inhibition, when test substances tended to reach their 
steady state, probably, because of calcium forming less soluble 
CaF with fluoride which could not be easily taken up by the 
cells. This indicates that fluoride was needed from inside the 
cell to prevent the uptake of these test substances. This was 
further confirmed by pretreatment of isolated cell suspensions 
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with different concentrations of fluoride (2.5 to SO.-OrrM) for 
different intervals of time (2 to 2 0 min) under different pH 
(6.2 to 7.8) and temperature (0 to 37°C) conditions followed by 
removal of extracellular fluoride and then investigating the 
uptake of glucose, leucine and proline by these pretreated cell 
suspensions. The degree of inhibition was always found greater 
under the conditions which would lead to higher accumulation of 
fluoride by isolated cell suspensions from the incubation medium. 
Change in the concentration of these test substances did not 
alter the effect of fluoride inhibition, thus ruling out the 
possible competative inhibition on the uptake of these test 
substances by isolated epithelial cells. A concentration depen-
dent effect of fluoride on the lactic acid and carbon dioxide 
production from isolated cell suspensions was also observed in 
the same range of fluoria>j concentrations which abolished the 
uptake of glucose, leucine and proline by the:^ a cells. 
Contrary to the fluoride concentrations that produce inhi-
bition on the uptake of nutrients by isolated cells, no inhibi-
tion was observed on the absorption of glucose and leucine upto 
10 irM NaF concentration under _in situ.conditions, Although 
further increase in fluoride concentration did produce highly 
significant inhibition on the absorption of these substances. 
Inhibition of Na + K -^TPase activity was observed during this 
study, but only at higher^ concentrations of fluoride which cSin, 
therefore, partially account for the total inhibition observed 
on the uptake of these test substances at these fluoride 
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concentrations. 
-•The results/ therefore, suggest that it was basically 
inhibition of metabolic activity of the cells by fluoride which 
depleted the cells from required energy necessary for the extru-
sion of Na , thereby inhibiting the uptake of these test subs-
tances. 
CONCLUSIONS 
It has not btsen, so far, possible to find a definite ans-
wer to the question, "Is fluorinti an essential element?" because 
of its well known beneficial as well as toxic roles, " that it 
plays in the animal body. There is no do\±)t about the fact that 
fluoride is at present the best known anticariogen and that it is 
this quality of fluoride which has led to the fluoridation of 
drinking waters to prevent fast spreading dental caries. ' But 
literature also reveals that fluoridation of drinking waters has 
led to several episodes of acute fluoride poisoning, due to 
mechanical difficulties or human mistakes, mostly resulting into 
gastrointestinal tract disorders. The results presented in this 
dissertation, therefore, help in understanding the biological 
effects of both low and acute doses of fluoride on its primary 
site, i.e. gastrointestinal tract. 
It is observed that fluoride at low concentrations does 
not interfere in the digestive function of the gastro- intestinal 
tract, but acute fluoride poisoning may lead to the condition 
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which could abolish this function of gastrointestinal tract. 
However, the recovery from these disorders seems to be very 
quick. The levels of fluoride that abolish the uptake of nutri-
ents under _in situ conditions are far in excess of the approxi-
mately 0,05 mg F~/kg body weight/day, that might be consumed by 
adults in areas where the water is fluoridated. Yet, it is 
significant that levels of fluoride, which produce no effect on 
the absorption of nutrients in the intact intestine, may be very 
harmful at the cellular level by preventing the uptake of meta-
bolites by tissue cells. Furthermore, activation of glucose-6-
phosphate dehydrogenase and inhibition of lipid peroxidation can 
be considered a favourably effect of fluoride. 
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